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Environmental 

Damage from 

GHG Emissions

Since the industrial revolution, technological 
breakthroughs have changed the way we live.  
At the same time, we have become dependent on 
fossil fuels for energy. How can we sustain 
our way of life and stop the further pollution 
of the atmosphere?                               

SOURCE: University of Heidelberg
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Do Nothing

Scenario

Without drastic reductions in global CO2 
emissions, the earth’s temperature could rise 
as much as six degrees Celsius by the end of 
the century… 

SOURCES: 
www.grida.no/go
www.ipcc.ch
www.epa.gov/climatechange 
There is a general scientific consensus that the he Earth’s most extreme temperature has fluctuated between about 1 
degree Celsius for the last 2000yrs. So 2 degrees or even 6 degrees would be a compartively enormous change!



The Decarbonized 
pathways should be:
1. Sustainable, 
Providing energy 
security, and re-
ducing greenhouse 
gases.
2. Feasible, tech-
nically
3. Impact Economy 
in a positive way.
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COP 15

Copenhagen recognized the case for keeping 
the rise in temperature below 2 degrees, but 
failed to produce a binding agreement …

Copyright © COP15 
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COP Failure…Leaving leaders with tarnished reputations…   



???

12  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   13

OMA/AMORoadmap 2050: A practical guide to a prosperous, low-carbon Europe

Scientific Uncertainty… and allowing doubt to prevail in the debate 
about global warming.

SOURCES: 
www.economist.com, www.rasmussenreports.com, www.foxnews.com

Climate Science: Spin, Science and Climate Change
'Action on climate is justified: not because the science is certain, but precisely because it is not.'
Leaders Article in The Economist, March18th 2010 
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Climate Anomalies‘Climate incidents’                                                                               
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Natural Disasters
With the cost estimations of natural disasters 
ever increasing, failure to acknowledge the 
underlying cause could come at a very high 
price.

SOURCE: Munich-Re (2009)
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80%-95% Less CO
2

October 30, 2009: European leaders endorse the 
objective of an 80% - 95% reductions in CO2 
emission by 2050.
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Sustainable Europe

Cooperation and planning will be crucial. 
Meeting the emissions reduction target 
requires the mobilization and agreement of all 
involved... 

Copyright © Dr. Strangelove
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History Repeats 

“History we know, is apt to repeat itself.”
1858 G. Eliot Janet’s Repentance in Scenes of Clerical Life II.



The steam revolution began.

Aristrocrats lobbied against the 
change...

But, planning & investment triumphed…

The revolution thrived... In less than 40 years, the industrial 
revolution changed the world forever...

The railroad revolution began.

But, governments brought stability...

The industry grew beyond expectation... In less than 50 years, the railroad 
revolutionized transport.

Lobbyist tried to scare the public...

The electric revolution began.

But, government vision brought order...Fear and ignorance confused the 
public...
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story board



The revolution exploded with innovation... In less than 30 years, the impossible became 
possible.

The technological revolution began.

But, users overcame the skeptics...

The revolution created new 
opportunities...

In less than 25 years, technology 
changed the way we live.

Fear and distrust soared.

The renewable energy revolution began.

Cooperation & planning will be crucial...

The revolutionary potential is endless... And we have only scratched the surface...

But, ignorance continues to mislead...

History is about to repeat... Is the EU ready?
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story board



ROADMAP 2050
A Practical Guide to a Prosperous, 

Low-Carbon Europe

The mission of Roadmap 2050 
is to provide a practical, 
independent and objective 

analysis of pathways to achieve 
a low-carbon economy in Europe, 

in line with the energy 
security, environmental and 

economic goals of the European 
Union.
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Roadmap 2050 Mission
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Roadmap 2050 Partners

ROADMAP 2050 PARTNERS
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CO2 Paradox

CO2 PARADOX

For every barrel of 
oil we burn three 
times the quantity 
of CO2 is being 
produced. This 
means our actual 
carbon footprint is 
almost three times 
the size of our oil 
consumption 
footprint!

Note: Hydrocarbons exist in many forms but the principle remains the same. To demonstrate the reaction we us the simplest form of hydrocarbon: Methane (CH4)  
Other related Hydrocarbons are: Pentane (C5H12) refined becomes Octane or petrol (C8H18)  Nonane (C9H20) refined to hexadecane or diesel fuel (C16H34)  Butane 
(C4H10) For example: C8H18 + 12.5 O2 --> 8 CO2 + 9 H2O
The cycloalkanes, are saturated hydrocarbons which have one or more carbon rings to which hydrogen atoms are attached according to the formula CnH2n
The aromatic hydrocarbons are unsaturated hydrocarbons which have one or more planar six-carbon rings called benzene rings, to which hydrogen atoms are attached with the 
formula CnHn.
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CO2 Emissions in Decarbonized EU

C02 EMISSIONS NEED TO BE REDUCED 80% BY 2050

Note: In pathways: CCS retrofit of coal plants built from 2011 to 2020 is performed 2021-2030; After 2020 
only new build fossil plants with CCS

SOURCE: Roadmap 2050 Technical Analysis
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Fossil Fuel Demand Decreases

FOSSIL FUEL DEMAND DECREASES SIGNIFICANTLY

1 2

By 2050 fossil 
fuel demand for 
power generation 
decreases across 
all sectors/

SOURCE: Roadmap 2050 Technical Analysis
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Decarbonization Pathways

MANY PATHWAYS COULD LEAD TO ZERO CARBON POWER

Each of the 
modelled pathways 
contains a 
different mix of 
renewable energy 
sources, CCS 
and Nuclear, but 
each lead to a 
zero carbon power 
sector.

SOURCE: Roadmap 2050 Technical Analysis

1) Enhanced Geothermal Systems
2) Concentrated Solar Power (thermal, not photo voltaic)
3) Carbon Capture and Storage
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80% CO2 Reduction

80% CO2 EMISSION REDUCTION
The 80% CO2 
reduction overall 
implies 90-95% 
reduction in power, 
road transport 
and buildings. 
This could be 
achieved by maximum 
abatement within 
and across sectors. 
Note: this level 
of decarbonization 
is dependent 
on achieving 
aggressive 2% year 
on year energy 
efficiency savings, 
without which this 
level of abatement 
is not possible in 
this model.

1 Based on the McKinsey Global GHG Cost Curve

2 Large efficiency improvements already included in the baseline

3 CCS applied to 50% of industry (cement, chemistry, iron and steel, petroleum and gas, not applied to other industries) 

SOURCE: McKinsey Global GHG Abatement Cost Curve; IEA WEO 2009; US EPA; EEA; Roadmap 2050 Technical Analysis
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Transmission 2050

Compared to current 
transmission 
infrastructure, 
the requirements 
for transmission 
capacity between 
the regions defined 
in the technical 
report are 
significant.

INTER-REGIONAL TRANSMISSION REQUIREMENTS

1 Demand response as used in this paper refers to changing a customer’s electricity demand in response 
to dispatch instructions or price signals through communications technologies. In the Volume 1 analysis, 
it is assumed that any such changes retained the total energy consumed within the day, that is, moved or 
shifted demand rather than reduced total daily consumption
NOTE: Iberia-France link is challenging and maybe reduced by different solar/wind mix.
SOURCE: Roadmap 2050 Technical Analysis
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EU Grid Iconography
EU GRID ICONOGRAPHY
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EU Grid Iconography
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EU Passports & Balloons
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ALexander Likhotal
Rotterdam_Geneva
11 February 2010
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Alexander Likhotal
President and CEO of Green Cross International since 1996. Mr. Likhotal started his academic career as 
a lecturer at the Moscow State Institute for International Affairs, and later became senior research 
fellow at the Diplomatic Academy of the Ministry of Foreign Affairs of the USSR.
In 1988 he became Professor of Political Science and International Relations at the Diplomatic 
Academy.
During the time of Gorbachev’s perestroika Likhotal became the Head of the European security desk at 
the International Department of the Central Committee for the Communist Party of the Soviet Union, 
later becoming Head of the Consultants Group, adviser/speechwriter unit working directly for the 
Soviet leadership.
In 1991 Mr. Likhotal was appointed Deputy Spokesman and Adviser to the President of the USSR. He 
remained with President Gorbachev as his adviser and spokesman and worked at the Gorbachev Foundation 
as the International and Media Director.
“He was a visiting professor at the Northeastern University, Boston, USA (1996-1998), Research 
Associate at the institute of European Studies of the Russian Academy of Sciences in Moscow (1992 - 
1997), and Associate Editor of Security Dialogue Journal, Oslo, Norway (1994-2000). He is the author 
of several books and numerous articles.

Laura Baird
Office for Metropolitan Architecture

Tanner Merkeley
Office for Metropolitan Architecture 

  
                                                                                                         

LB: Thank you for taking the time to meet with us

AL: It is my pleasure.  I have read the documents you sent me, Quite 
an interesting project I must say.

LB: We are glad you think so.

(Introductions, Anna speaking in Russian)

LB: Maybe as a little bit of background: we initially hoped to 
approach Mr. Gorbachev and your organization after reading an 
article published in the UK Times in November, which essentially 
equated the intervention required to address climate change to 
the action that needed to be taken to end the Cold War. We felt 
in some way we have addressed this through this project, as our 
initial interest was prompted by our observation that many of the 
initiatives taken to address sustainability have not been on a large 
enough scale to make much of a difference.  

What interested us about Green Cross International specifically was 
the fact that your ideals (security, poverty and the environment) 
are not only under one umbrella, but also addressed in a single 
response system.  One of our ambitions for this project is to 
combine the ideals which you have combined in your organization; as 
a result, we were hoping to talk to you about some of your successes 
and some of the ways that you have been able to do that effectively, 
and would like to incorporate some of the ideals and your strategies 
into our project proposal.

TM:  In addition, we have noticed that you speak a lot about 
motivating leaders to take action.  We have a very interesting 
position at the moment, to reach-out to political leaders to offer 
them a feasible approach to reaching the targets they have set.  One 
of the primary purposes of this report is to inspire action. If you 
have some interesting thoughts or experiences in this area, your 
insight would be a great help.

AL:  Thank you very much.  I will just give you a very brief 
description of our activities.  

First, we have created the Task Force on Climate Change, it is 
logistically supported by GCI (Green Cross International) but it 
involves the contribution and work we have done through cooperating 
with a number of international organizations, such as: the Club of 
Rome, Club of Madrid, the European Climate Foundation and various 
Nobel peace laureates. 

So, I think that the efforts today are very much split toward the 
goals of the climate agenda. For instance, what we are trying to 
do is not to re-create the bicycle, but to consolidate what is 
available today and to try to make it available for the leaders 
of states so that they can take more educated choices in their 
decisions.  

At the same time, after Copenhagen it is clear that we have to 
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recently said (absolutely correctly) 
that: ‘climate change should be seen as 
an opportunity, and not as a castor oil 
which needs to be swallowed.’ I agree 
completely, especially after what is 
presented in the media as climate-gate, 
etc… I think that we should concentrate 
on the opportunities presented by our 
current situation, and the necessity 
related to other issues because of 
climate change. 

As an example, just ten days ago I was 
in Lebanon, and within the agenda of 

adjust some of our activities. As you know we have learned a couple 
of lessons from Copenhagen and we adjust now in this transition 
phase.  For instance, it is clear that it is not necessary anymore 
to try to raise awareness of the leaders of the states of climate 
issues.  The awareness is there, as evidenced by the fact that over 
100 leaders came to Copenhagen shows that they are aware of the 
problems at stake.  

The problems are much deeper, and the 
problems are more related to the fact 
that climate change is just the tip of 
an iceberg.  In reality, when we are 
talking about climate change, it is not 
just a conversation about the 2 degrees 
or one half degrees, however important 
this might be for climatologists. For 
us the problem is rooted in poverty, 
in lack of security in today’s world, 
in the problems of unfair spread of 
energy, the problems of water. Actually 
we are talking about the millennium 
development goals, which will be the 
most dramatic demonstration of the challenges we face today.  

So, Copenhagen also demonstrated that whatever was decided or 
not decided, the change will come regardless, simply because the 
economic, geopolitical and security considerations already prompt 
change in this direction. The problem first of all is the cost that 
will push this transition. Of course if the governments will guide 

It is not 
necessary anymore 
to try to raise 
awareness of 
the leaders of 
the states of 
climate issues.  
The awareness is 
there.

‘Climate 
change should 
be seen as an 
opportunity, 
and not as a 
castor oil 
which needs to 
be swallowed.’

The financial 
burden of 
importing 
energy is vast.

Copenhagen also 
demonstrated 
that whatever 
was decided or 
not decided, 
the change will 
come regardless, 
simply because 
the economic, 
geopolitical 
and security 
considerations 
already prompt 
change in this 
direction.

this transition, but if leaders guide 
this transition, it will be smoother, 
less painful and easier for everybody.

LB:  Until now, the technical analysis 
of our project has aimed to show 
leaders that indeed it is technically 
feasible to propose a de-carbonized 
power sector by 2050.  From a cost 
standpoint we can prove that we have a 
certain amount of feasibility. We have 
a thorough analysis to show this to the 
leaders and we are quite confident in 
the conclusion. However, one thing you 
have discussed that we would like to 
know more about: is your appeal to make 
the public more aware and motivated to 
support this kind of proposal. How do 
you really rally public involvement and 
create desire to do something beyond 
talking about it. We would like to have 
your input and would like to hear about 
your personal success in this area. 
To us this remains a very important 

component in the project.

AL:  Actually, the Task Force was created only in the last 10 
months, so it is quite a new organization. Of course the timing was 
not sufficient to do all that we wanted before Copenhagen, although 
we tried: we’ve built up the web presence and used all the social 
networks as we can. We also launched publicly on the first day of 
Copenhagen. We are thinking how we can develop and talking to a 
number of international companies, including Wikipedia and Google, 
thinking how we can enhance our presence and outreach but at the 
same time, I think we should think about the content. 

We are scared generally, because the efforts to raise awareness were 
built on a platform to show the dramatic consequences of climate 
change, and sometimes it was counter-productive.  President Clinton 

the Climate Task Force we had a meeting with the President and the 
Prime Minister of Lebanon discussing this agenda. During my time 
there I also had a number of meetings with companies related to the 
distribution of energy. Lebanon which is dependent on 97% input of 
its energy, of course, enormously supports the switch to renewable 
energy because the financial burden of importing energy is vast.  
However at the same time, I learned a 
number of interesting things, some of 
which might be relevant to you. One 
person complained that he wanted to buy a 
Toyota Prius (hybrid petrol-electric car) 
unfortunately in Lebanon a certain type 
of legislation exists where the person 
has to pay an engine tax and since the 
car has two engines they are taxed for both engines.  When I told 
him that in Switzerland for instance people are encouraged to buy 
hybrid cars so they do not have to pay any tax at all when they buy 
a hybrid car, he said: “wow!”

I want to jump back to your report; I read it with a lot of 
interest, and I think it is a step in the right direction. However, 
I would have tried to make it a little bit less Eurocentric. You see 
when we are talking about climate change about the necessity of the 
energy switch to the green sphere. It is not only a question of how 
much CO2 we emit to the atmosphere it is also the question that 



56  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   57

Roadmap 2050: A practical guide to a prosperous, low-carbon Europe OMA/AMO

chart uncertain terrain so this is 
very appropriate. In this case you 
are talking about a low-carbon Europe, 
so that is clear that the general 
connotation of this map will focus 
primarily on the European condition.

AL: You are also talking about the 
possibility to have a presentation of 
your material to European Leaders and 
that is very important. We have already 
had a couple of meetings with leaders 
on our side of Europe; of course Europe 

lots of people around the world live without any access to energy. 
Without resolving access to energy within the framework of the 
development of the grid, we will still find ourselves with the same 
challenges, with the same net result.  You are absolutely correct in 
talking about the necessity to expand the renewable energy network, 
but in talking about North African countries you are talking mainly 
about suppliers of energy, and you could also speak to what these 
countries, perhaps sub-Saharan countries will get in return for this 
collaboration. These issues are equally important when discussing 

energy networks.

LB: Interesting; the Eurocentric 
position is to start here, and 
hopefully expand or export the 
model. One of the reasons for it 
being Eurocentric is the failure of 
Copenhagen has made it apparent that 
tackling climate change on a global 
level is extremely challenging, if not 
impossible. To paraphrase a commentary 

Tackling climate 
change on a 
global level 
is extremely 
challenging, if 
not impossible.

It is very 
important to 
reduce the 
subsidies and 
to adjust the 
carbon price so 
that business 
will be much 
more eager to 
respond to 
green energy.

I suspect the 
possibility 
and potential 
to motivate 
the middle-
east to expand 
their renewable 
energy capacity 
is enormous.

‘At a price 
higher than 70 
dollars per 
barrel for oil, 
wind energy 
becomes very 
competitive.’

you made ‘there are too many competing interests between parties to 
come to an agreement on a global level.’ What we are trying to do 
is address this on a regional scale first, instead of a state scale 
which has also not worked, or on a global scale which is extremely 
complex. The ambition that we have and would like to see happen, is 
to start by proving it is technically feasible on a regional scale, 
and eventually all the networks would tap into a mutually beneficial 
system. I do strongly agree with you that climate issues know no 
boarders and are inherently a global problem. Nevertheless, to begin 
we are trying to approach this problem on a more manageable level 
and try to set a global example that a low-carbon western society is 
possible.

AL: I understand very well, talking about a Roadmap, maps always 

can pave the way and show the example to the rest of the world and 
the Europeans have already made significant steps in a positive 
direction. If I understand your report correctly, approximately 
15% of the energy in Europe is based on renewable energy.  Many 
countries still have the goal to even reach 15%! Again, it is a 
matter of facilitation. For instance the figures they show in the US 
until 2007 state that over one trillion dollars have been invested 

in renewable energy. Similarly the price of wind energy has dropped 
80% in the last five years in Europe. Recently I was quite surprised 
to speak to one of my contacts who is an influential investor. He 
usually has little interest in environmental thinking, but recently 
I have learned that he is trying to create a project to build the 
largest wind power station in Europe, which would generate 5.5 
thousand megawatts, and when I asked him why? His answer was very 
clear: ‘at a price higher than 70 dollars per barrel for oil, wind 
energy becomes very competitive.’  

TM:  Exactly, when you look at the 
numbers, and compare them to the future 
supply and demand of oil, prices will 
continue to increase, so forward thinking 
investors who establish a share of the 
market early will potentially benefit the 
most in the long run.

LB: One of the other questions we had was 
relating to giving people incentives. 
For instance: on a European or global 
scale there is a degree of awareness 
and there is a need for action, but 
beyond the recommendation of not taxing 
electric vehicles, do you have some other 
incentives for either developed or non-
developed nations to support reducing our 
dependence on fossil fuel. 

AL: there are several things worth mentioning in this context: 
first, I would talk about the biggest challenges.  It was already 
dealt with by the G20, but they put it on the ‘medium’ range 
strategy, so it is not yet clear when the practical steps will be 
taken in this direction, and what the steps will be.  Then, as 
Copenhagen showed governments will rather follow the practical 
developments in that sphere than pave the 
way to that. 

In that context I think that it is very 
important to reduce the subsidies and to 
adjust the carbon price so that business 
will be much more eager to respond 
to green energy. This will influence 
everybody, and there exists tremendous 
potential for this in the Middle-East 
and Gulf region. Today places like Saudi 
Arabia & the Emirates are doing some 
things with renewable energy, but I 
suspect the possibility and potential to 
motivate the middle-east to expand their 
renewable energy capacity is enormous.  
Of course cooperating with other countries and initiatives has 
tremendous potential. I remember at some point there was a project 
called Desertec, but unfortunately I have not heard much about it 
after their much acclaimed announcement of companies joining and 
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their success, etc… Maybe it is in the phase of development or maybe 
the crisis has stalled the project.

But generally, the idea was quite interesting. Simply put, the 
transportation of energy from Africa to Europe is very competitive 
compared to the development of solar energy within Europe (Makes 
reference to clouds in Geneva) so it does make a lot of sense.

LB: Some experts estimate that over $300 billion in subsidies are 
slated for oil and gas and only $10 billion set aside for renewable 
energy. Do you think it is a matter of getting to governments inside 
and outside of the EU and asking that these subsidies be slated for 
renewable energy? Or how do you propose going about that?

TM: Also another point we wanted to 
raises is how do you deal with the 
special interest groups that tend 
to make ‘special arrangements’ in 
government and ultimately distort 
energy market economics?

AL: This is one of the biggest issues 
I would say. Again returning to 
Copenhagen, it is clear when Obama came 
to Copenhagen full of expectation and 
drive. He was a hostage to domestic 
politics, he was a hostage to the 
balance of power in congress, he was 
a hostage to the fact that climate 
change policy is clearly a partisan 
issue with Democrats on one side and 

Generally, I 
think there are 
only two ways of 
overcoming market 
distortion: The 
first is the 
pricing of carbon 
and the second 
is the civil 
society.

One of the 
possibilities 
could be in 
using the 
new technical 
means that 
are available 
and giving 
the people the 
formal ability 
to influence 
the decision 
makers.

Republicans on the other. It is clear that the bill which is now in 
congress will be delayed optimistically until next year. Generally, 
I think there are only two ways of overcoming market distortion: The 
first is the pricing of carbon and the second is the civil society. 
The first will then force businesses to reorient and to think in 
different terms and the second we need to outreach to the civil 
society not through day-after stories (dooms-day) about climate 
change, but about the reality of how much they actually pay to fuel 
a car and the price of subsidies that alter the market.

LB: We have been impressed with your ability to influence and 
inform the international community to view human and environmental 
tragedies with equal importance. How would you present incentives 
similar to the suggestion you just made about convincing politicians 
or the civil society of the pricing of fuel.  I agree that telling 
the public “if we don’t do something we are all going to die” this 
is not a very inspiring way to address the issue.  I was wondering 
what other success you have had with promoting change in a positive 
light?

AL: Well it is of course very difficult to outline in a very brief 
conversation of this substance, especially given to date it will 
be a very uphill battle, of the decisions to allow the companies to 
spend whatever they want on the political campaigns. This year in 

the USA the forecast that the expenditures of the counter climate 
change propaganda will be 50% more than last year. But in general, 
I think people generally are smart. When we built up our web tool 
before and during Copenhagen there was an enormous response to that 
and what people were sending, I mean their comments and feed-back to 
the publication. People showed quite a high level of understanding 
of the problem. I believe what is needed is empowering people today. 
And in empowering it brings us back to the issue of the nature of 
democracy. Today economic activities transcend national borders. 
Environmental challenges in generally the security challenge they 
have changed completely. It is not anymore the threat of another 
country or an opponent in a traditional sense of view. It is totally 
different and it also transcends the boarder of the country. 
Democracy as the mechanism which gives 
the people the possibility to have a very 
important impact on the decision making 
process, remains locked inside national 
borders. So one of the possibilities 
could be in using the new technical means 
that are available and giving the people 
if not the formal ability to influence 
the decision makers. But at least we 
make the decision makers aware that 
the opposition to certain decisions is 
growing. For example, during Copenhagen 
we unfortunately did not achieve that 
level of web sophistication, but we 
expected that if we could have been able 
to show every single day of Copenhagen, 
say for instance: the worst governments 
that created blocks, during the 
negotiations. For this argument let’s say 
they were Russian; then we might recruit 
20,000 messages and channel them into a 
designated address. I can assure you that 
even for a not very advanced democracy as Russia is today, if the 
president would have learned that 20,000 people raise the issue why 
is our government creating problems in Copenhagen, he will at least 
pick up the phone and call the head of the delegation and will say: 
‘look I have received 20,000 enquiries and say why?’

LB: Yes of course! It is a very valid point. I was actually in 
Copenhagen and that was one of the most compelling demonstrations 
or visualizations of what was actually happening, so much of what 
happens on the governmental level and what happens on the level 
of the delegates is so opaque, and you feel as though there was no 
access to it or you could hear some of the negotiations or you could 
at least hear what was going on but you didn’t have the ability to 
influence it. I think that is a very important distinction to make, 
because anyone who wants to invest in the future of your country, 
or of EU or the world should have some ability to influence even in 
a very small way or at least feel like you can make a difference. 
So, yes I agree that the web is a very important democratic tool to 
explore more effectively.
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AL: Just one small observation since I mentioned Russia. I wanted 
to share some of the thoughts that I had while reading your papers. 
For the sake of the current threats and current, let me say feelings 
it’s very transparent what you are saying. Security dictates to be 
independent for Europe in terms of energy resources. I can tell you 
there is a short term and long term security considerations that 
should be taken into account. We had a meeting with President Dmitry 
Medvedev before we went to Copenhagen, and actually he understood 
the problems very well. What Medvedev said I can summarize: ‘Yes we 
understand that this turn is inevitable, but for the countries that 
are not that dependent on fossil fuel like Russia this curve will 
be less steep than for the rest of the world.’ So if you would try 
to build a European network, and exclude Russia from the planning 
a few things could happen. In the longer term first it would make 
the curve for Russia even less steep but later it will take much 
more time. At the end of the day the problems will persist. I am 
not saying that it should not unethically become a part of the 
consideration; the European Union has after all a very specific and 
clear spread of, or combinations of membership nations. As you are 
talking about North-African possibility of expansion of this system, 
perhaps you should look into the possibility of expansion that could 
also motivate Russians.

LB: Do you see this as potential to be able to do that? And if 
so is the potential there? And if there has been a history of 
collaborations that have gone wrong or have been far more difficult 
is it because this is such a necessary change to make right now that 
offers that collaboration?

AL: In my judgment if you want to have an impact on something you 
have to be very close to it, rather that decouple yourselves. If you 
build walls, you will have surprises from your neighbor from the 
other side of the wall. In my judgment today I read that Borroso 
(Jose Manuel Barroso, President of the European Commission) has 
elaborated a plan for the modernization of Russia in response to 
his conversation he had with Medvedev.  It is a step in the right 
direction.  I think the European Union should engage Russia more and 
more on these issues and I think it will induce Russia to change 
much faster.

LB: In that regard do you have any questions for us? Or otherwise we 
have a few more for you, if that is okay. I don’t know how much time 
you have?

AL: That’s okay but I would love to have a more detailed report, if 
it is available or when it is available. Of course I would be glad 
to keep in touch, and maybe from time to time to have a meeting or 
some kind of informative discussion.

LB: Actually, both Rem Koolhaas & Reinier de Graaf  who are the 
main partners of our office working primarily on these projects, 
unfortunately could not be present today because of their travel 
schedules. But both Partners are very interested in meeting with you 
face to face, if you have some time in the coming months, perhaps we 
can make an appointment to continue this discussion.

AL: I would be pleased to discuss with you further.

LB: I can share with you the full (McKinsey) report; as you only 
received a selection of slides from the comprehensive technical 
analysis. The full report is over 375 pages.

(laughing)

AL: That would be very helpful and I will circulate it among the 
Task Force members and maybe then we will have some additional 
comments for you.

 (Wrapping up)

LB: Ok, Thank you very much for your time.

AL: It was a pleasure.

TM: Thank you, goodbye.
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Energy Resources in 2050

ENERGY RESOURCES IN 2050 (HIGH RES PATHWAY)

Renewable 
Technologies are 
allocated to 
regions based 
on the natural 
occurrence of the 
renewable source. 

 

SOURCE: Team analysisSOURCE: Roadmap 2050 Technical Analysis



Feasibility _ Projected Energy Needs
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Energy Supply 2050

ENERGY SUPPLY IN 2050 (HIGH RES PATHWAY)

Sources: Roadmap 2050 Technical Analysis, McKinsey / Lynn Orr, Changing the World’s Energy Systems, Stanford University Global Climate & Energy Project (after John Edwards, American Association of Petroleum 
Geologists); SRI Consulting. / David Rutledge, Professor, California Institute of Technology 2009 / The Oil Age: World Oil Production 1859-2050. San Francisco, CA. Courtesy of San Francisco Informatics. / Dr. Colin 
J. Campbell’s oil depletion model: The Coming Oil Crisis, by Colin J. Campbell. Independent Publishers Group, April 1, 2004 / The Twenty First Century, The World’s Endowment of Conventional Oil and Its Depletion, 
By Dr. Colin Campbell, 1996 /  International Energy Agency



1
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Seasonal Variation Correlates

RES DIVERSITY CONTRIBUTES TO CONSISTENT SUPPLY

Over the course 
of the year, the 
integration of 
Europe allows for 
some energy sources 
to compensate for 
the lack of others 
based on seasonal 
availability.

 

1 Storage included in the model relates to the existing hydro storage available across the regions
SOURCE: Imperial College, KEMA, Roadmap 2050 Technical Analysis
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EU Demand Correlates

COMBINING REGIONAL DEMAND CURVES REDUCES VOLATILITY

SOURCE: Roadmap 2050 Technical Analysis
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Energy Security
EUROPEAN ENERGY SECURITY

Today Europe 
retains a large 
dependency on 
other nations for 
natural gas. A 
Primary incentive 
for European 
integration is that 
it enhances our own 
energy security 
and reduces 
our dependency 
on others, and 
especially on 
politically 
unstable regions.

Estimated available Natural Gas deposits  measured in 
Trillion(s) of cubic meters.

SOURCE: BP Statistical Review 6/2006: http://www.bp.com/
liveassets/bp_internet/switzerland/corporate_switzerland/
STAGING/local_assets/downloads_pdfs/pq/pm_statistical_
review_of_world_energy_full_report_2006.pdf
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Market Distortion
MARKET DISTORTION
"there are only two 
ways of overcoming 
market distortion: 
The first is the 
pricing of carbon 
and the second is 
the civil society. 
The first will then 
force businesses 
to reorient and to 
think in different 
terms and the 
second we need to 
outreach to the 
civil society not 
through day-after 
stories (dooms-
day) about climate 
change, but about 
the reality of how 
much they actually 
pay to fuel a car 
and the price of 
subsidies that 
alter the market."

Alexander Likhotal 
transcripts p.52

FOSSIL FUEL + CO2 RENEWABLES
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Metals Monopoly
ADVANTAGES OF TRADE
Chinese soil is the 
ground for many of 
the rare minerals 
which are used to 
make many of the 
renewable energy 
technologies. At 
the same time, 
Europe can offer 
resources and 
technology which 
China lacks. 
Healthy competition 
in R&D can produce 
more beneficial 
trade.

SOURCE: AGENCE FRANCE-PRESSE  
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Growth in W
ind Turbines

GROWTH IN WIND TURBINE EFFICIENCY
wind turbines 
are both growing 
in size and 
efficiency, as well 
as decreasing in 
price.  

SOURCE: Offshore Design Engineering, Bunderswerband WindEnergie e.V
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EU Job Creation
EU JOB CREATION
Jobs are expected 
to increase with 
investment in research 
and development 
and commitment to 
building of renewable 
technologies. Jobs 
created in the Low-
carbon power sector 
along with production 
and development in 
product efficiency  
will contribute 
significantly to 
net job creation 
and an economically 
sustainable future.

SOURCE: Roadmap 2050 Technical Analysis
NOTE: Efficiency and fuel shift investment includes all efficiency levers from McKinsey cost curves (excluding what already 
in the baseline), further penetration of heatpumps in residential and industry and the slow penetration of EVs
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RES Repeats
RENEWABLE ENERGY REPEATS
Prior to the 
Industrial 
Revolution, the 
world was reliant 
on a renewable 
energy sources 
such as wood. 
To construct 
and heat homes.  
Perhaps these 
times give 
even further 
evidence of 
history repeating 
itself, thereby 
encouraging 
us to invest 
in sustainable 
technology and 
the purest form 
of renewable 
energy sources.

SOURCE: 1366 Technologies
Selected as one of the world's 50 most innovative companies in renewable energy 
innovation.  www.1366tech.com/v2/ 
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John Perkins
John Perkins was recruited by the National Security Agency during his last year at Boston 
University’s School of Business Administration, 1968. He spent the next three years in the 
Peace Corps in South America and then in 1971 joined the international consulting firm of 
Chas. T. Main. As Chief Economist and Director of Economics and Regional Planning at Chas. 
T. Main, Perkins says his primary job was to convince Less Developed Countries around the 
world to accept multibillion dollar loans for infrastructure projects and to see to it that 
most of this money ended up at U.S. engineering/construction companies. The loans left the 
recipient countries wallowing in debt and highly vulnerable to outside political and commercial 
interests. He documents his experience in the New York Times bestseller Confessions of an 
economic hit man. 
In 1981 Perkins founded and became CEO of Independent Power Systems, pioneering technologies 
that promoted the use of “waste” power plant heat in hydroponic greenhouses and other 
cogeneration applications. In 1990, he sold IPS and founded a nonprofit organization, Dream 
Change Coalition, which works closely with Amazonian and other indigenous people to help 
preserve their environments.
 

Laura Baird
Office for Metropolitan Architecture

Tanner Merkeley                                                                            
Office for Metropolitan Architecture                                                                                                            

LB: Good Afternoon, thank you for meeting with us.

TM: We have read two of your books and thought your experience in 
economics and sustainable development were quiet relevant to a 
project we are working on at them moment. 

(LB & TM give a brief introduction of the project)

TM: So one of the first questions we had for you is in relation to 
decision makers. We found your experience working as an economist 
quite interesting. I was fascinated by your description of the tight 
network and revolving door phenomenon in government, industry and 
military administrations. With your experience could you highlight 
some of the potential obstacles we might be up against by supporting 
a low carbon power sector for the EU? And how we might be able to 
address these issues in our policy recommendations?

JP: Your biggest obstacles are going to be the vested interests 
groups and corporations who are currently involved in producing 
non-renewable energy. For instance the big coal industries in 
Germany could be one such group. The key will be to get these vested 
corporations on your side. 

LB: Can you be more specific? How have you had success with that?

JP: Creating situation were they can win too.So GE (General 
Electric) produces wind turbines, and they also produce a lot of 
things that go a long with CO2 producing 
power plants. Go to them and other big 
corporations that have a strong vested 
interest in CO2 producing technologies. 
Meet with them and invite them to become 
your partners in this. Show them how 
you see the collaboration as a huge 
opportunity to really get into this new 
business in big time.

Really let them know that here is an 
enormous prospect and that this is the 
wave of the future. There is no question 
that at some point we are going to stop 
building power plants that continue 
producing CO2. It is simply a matter 
of when. Whether it is 2020 or 2050, 
the fact is: co2 producing technology 
is a dying industry. Corporations do 

Co2 producing 
technology is a 
dying industry.
Corporations 
do not want to 
mimic the fate 
of the telegram 
companies, all 
of which are 
out of business 
today.

not want to mimic the fate of the telegram companies, for example, 
all of which are out of business today. Or for that matter the way 
of Federal Express or the post office which is now being rapidly 
replaced by email, skype, the internet, etc. You know they want to 
be on top of the new technologies and really enlist them as partners 
in this to the fullest degree that you can. I also suggest that 
you bring on lots of good entrepreneurs. For instance: I was just 
teaching in China, lecturing at a leading business University there. 
I was so impressed by how the Chinese MBA students are so dedicated 
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to become the greenest and environmentally conscious country on the 
planet. These young students were studying entrepreneurship, which 
China very well supports. If you can also bring small entrepreneurs 
onboard that is also a plus, but in the long run, if you cannot win 
over the big multinational corporations you are not going to make 
it.

LB: Do you have recommendations for influencing a big company. Sure 
we can go and meet with large companies one at a time and present 
our case etc. But is there a way to influence the public who will in 
return influence the corporations? For instance, you have written 
about making daily choices and voting with your consumer choice, 
choosing a certain oil company over and over when you go to fill 
your car up with gas, because that company is less environmentally 
destructive than another, etc. Is there a way to utilize that kind 
of thinking to a larger extent to really put consumer pressure on 
these large corporations?

JP: Absolutely! If you can organize a grassroots movement which 
will get people to not purchase from these companies or to generate 
consumer awareness you can also have an impact. Today, it’s easier 
than it has ever been before because of social networking and the 
internet. If you can you use these tools effectively, this can have 
a very direct impact. Before, companies used to spend a lot of money 
on radio ads and newspaper ads to get a message out. But today, with 
the way the internet is the way it is, it is so powerful. You can 
just tune into those networks and keep pushing and getting people 

to insist or demand change. The change 
will happen. It is terribly important 
and you have a great opportunity to 
do it in this day and age. It’s just 
the question of whether you have the 
skills to do it and the time to do it. 
I’ve been working on this recently 
especially with social networking; 
I have even hired a specialist in 
this area to help me which was very 
effective.  Sometimes I feel like I 
have entered the matrix. (Laughter)

LB: One of the questions we have 
surrounding the project is that a 
lot of the funding on the client’s 
behalf has been invested in trying to 
influence government. While that’s 
important, certain kinds of venues like 
Copenhagen for instance have not been a 
complete failure, but rather have not 
been as successful as many people had 

Today you can 
actually change 
government 
policy without 
ever dealing 
with government 
at all if you 
can bring the 
big corporations 
around: they 
are the ones 
controlling the 
government.

If you just get 
one corporation, 
a big one, 
behind this 
it will make 
your life a lot 
easier.

hoped. We are trying to develop a strategy for both government and 
corporate involvement, because you cannot pass legislation if you 
do not approach government at all. We feel strongly that a bottom up 
approach reinforces the top down approach and vice versa. From your 
perspective, is this a reasonable strategy? What obstacles might we 
come across that we should be aware of?

JP: Well to be honest, today you can actually change government 
policy without ever dealing with government at all if you can bring 
the big corporations around: they are the ones controlling the 
government. But if you only try to change government policy you will 
be much less effective. Obama is an incredible example of this. 
Here is a guy who had so much ambition and expectation and he has 
basically been put in check by the big profit oriented corporations. 
This story is going to happen over and over. We are very much at 
a time in history when the states became nations, except now the 
nations have become almost irrelevant. Governments are becoming less 
and less influential. Big corporations are calling the shots these 
days. So if you can bring the big corporations around they’ll see to 
it that the laws change. I live in Florida and we have got a great 
example here. The Florida Power and Light Company (FPL) wanted to 
build some big coal plants. At the time, Florida Power was involved 
in lot of committees and alliances and so forth that were opposing 
any carbon restrictions, however the people of Florida spoke very 
clearly and say ‘We don’t want coal plants’. No community would 
allow them to permit coal plant, so instead now they became the 
largest developer in wind and solar in the United States. Now they 
are on all the committees that are defending to have carbon dioxide 
controls in place. Now, their neighbor utility company in Georgia is 
stealing clients from the northern Florida boarder. Georgia has a 
lot of coal and can essentially produce cheaper energy. Now Florida 
power is saying: ‘They shouldn’t get away with that cheap CO2 
producing energy. They should have to pay tax on their carbon. We 
are not producing any carbon dioxide here in Florida and they are’. 
Suddenly, this huge company came around from being opposed to carbon 
standards that would set limits, to a company that is actively 
trying to get standards implemented! That 
is what you want to do. Try to get those 
companies to turn around laws. When the 
public is behind it and the corporations 
are also behind it, then the politicians 
will take care of the legislation.

LB: This proposal specifically is on 
a regional level which focuses on a 
European context. We have found that 
certain countries or ‘European Regions” 
share geopolitical similarities. For 
instance southern Europe has much better 

solar potentials than northern Europe. By dividing Europe into 
regions it is easier to rally political support than approaching 
the problem from the European scale as a whole. The number of 
organizations and corporations which must buy-in is often daunting. 
Do you have any recommendations of how to do that? Is it just 
a matter of seeking out certain organizations with the most 
influence?

JP: I am not sure in Europe who you need to go to. But you probably 
do know. But if you just get one corporation, a big one, behind 
this it will make your life a lot easier. One of the reasons I pick 
on Nike a lot in States is because I realize that if I can get 
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Nike to stop using slave labor in sweatshops in the Indonesia, then 
Reebok and everybody else will follow. If I get Adidas or Reebok 
to stop using slave labor that doesn’t mean Nike will follow. If 
Nike stops then everybody else will stop. Besides, Nike will see 
to it that the appropriate laws are passed. They will not allow 
anybody else to have a more competitive labor advantage.  Go for the 
biggest and the most powerful, work out a situation that shows that 
it is in their best interest, get on their side and they will bring 
everybody else along. In the end you will not even need to speak to 
organizations and governments. If you can get those big companies 
to come around, they will talk to the government. To answer one of 
your first questions: they are the same people. The revolving door 
policy, they move from government to big corporations, they move 
from corporations to become head of various cabinets, or ministries 
in the government. So focus on convincing these people.

LB: And what do you think about organizations like Greenpeace or 
the World Wildlife Fund or those types of organizations? Sometimes 
they have a huge grassroots support network. They focus on a 
collaborative public rather than going for the big guys as you were 
talking about.

JP: I think that is also very important. They have a lot of 
followers but you have to be very careful. Perhaps you may want to 
have two branches working on this. So what are you, are you non-
profit organization?

LB: We’re an architecture office actually.

JP: Yes. You might want to create your own non-profit organization 
that works with non-profits and is not associated to your for profit 
company.

LB: Our client on this specific project is a non-profit and we are 
collaborating with several NGOs and other non-profit organizations. 
It’s also possible that we filter communication through other 
partners so we could approach the corporate world so to speak.

JP: That’s good, because what it is all about here; out economic-
hitmanning the economic-hitman. (laughter) One of the reasons the 
US democrats have such a hard time in politics, is because they are 
so rational and the game that they need to learn to play is to deal 
with family values. You know the deal with irrational values rather 
than trying to convince the public to do the rational thing, because 
public doesn’t understand, doesn’t try to be rational.  What you 
need to do is to get all the big NGOs on your side like Greenpeace, 
Conservation International is important there. But you also need to 
make sure that within the process you don’t alienate yourself from 
the big corporations who may be irritated at Greenpeace for other 
reasons. So you know split it up and try not to associate too much 
with controversial organizations. 

LB: I have a kind of more general question for you. What do 
you think about this whole movement towards sustainability and 
investment in renewable energy? You said at some point that we have 

to stop emitting CO2. That will happen; it is only a question of 
when. I just wonder for idealistic point of view, what you think 
it is going to take, when you think it is going to happen? Is it 
through projects like ours and people trying to get involved and 
people trying to make a change or is it something else? Also, will 
it take a real crisis to motivate people?

JP: Let’s face it. You have got to do what you’re doing and that’s 
terribly important. We do not know whether that will be enough 
or not. If it is not enough then it is going take a much greater 
catastrophe and that is often the case.  I think the important 
thing is to fight the battle. Get out there and make it happen. Do 
everything you can to turn it around. We want to avoid the calamity 
that is coming. But how are we going to avoid it? Are we going to 
fall asleep behind the wheel and drive the Titanic into the ice? Or 
are we going to wake up and watch what we’re doing and become more 
conscious? You are trying to make us all more conscious and that is 
very important. I hope you succeed. If you do not succeed then there 
is going be more icebergs melting and Florida is going be under 
water. When people are directly affected they will probably begin to 
change. But let us hope we can avoid the extremes and follow your 
example. I wish you lots of success.
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Energy Efficiency

ENERGY EFFICIENCY & FUEL SHIFT BALANCE DEMAND

1 Assumption: electrification of 100% LDVs and MDVs (partially plug-in hybrids); HDVs remain 
  emitting ~10% while switching largely to biofuel or hydrogen fuel cells

2 Assumption: 90% of remaining primary energy demand converted to electricity usage in buildings
   for heating/cooling from heat pumps; assumed to be 4 times as efficient as primary fuel usage

3 Assumption: 10% fuel switch of remaining combustion primary energy demand converted to electricity 
  in industry for heating from heat pumps; assumed to be 2.5 times as efficient as primary fuel usage

SOURCE: Roadmap 2050 Technical Analysis
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Energy Benefits

ADDED EFFICIENCY BENEFITS

3

1) Compact fluorescent lamps (CFLs) use about 70% less electricity to produce the same light as a normal bulb, 
cutting greenhouse gas by over 50%.  SOURCE: www.bbc.co.uk/bloom
2)  SOURCE: Roadmap 2050 Technical Analysis
3) Buildings are responsible for 40% of energy consumption and 36% of EU CO2 emissions. Energy performance of 
buildings is key to achieve the EU Climate & Energy objectives   SOURCE: www.ec.europa.eu/energy/efficiency

1



98  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   99

Roadmap 2050: A practical guide to a prosperous, low-carbon Europe OMA/AMO

EU Demand Response

DEMAND RESPONSE

“Demand response as used in this paper refers to changing a customer’s electricity demand in response to dispatch instructions or price signals 
through communications technologies. In the Volume 1 analysis, it is assumed that any such changes retained the total energy consumed within the 
day, that is, moved or shifted demand rather than reduced total daily consumption”

1) The graph shows how the original demand line (dashed) is shifted to 
   a higher level (black line) by DR to capture the higher PV production
2) 60%  RES, 20% DR, Week 32 - Sunny week

SOURCE: Roadmap 2050 Technical Analysis

2
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Decarbonized Household Bill

DECARBONIZED HOUSEHOLD BILL COSTS

1) Assuming all power costs get passed through to households
2) CO2 Price assumed of 40EUR/t
3) IEA WEO 2009 assumptions for 2030
4) No CO2 price
5) For all technologies. Learning rate is defined as capex improvement per doubling of cumulative installed 
capacity

SOURCE: Roadmap 2050 Technical Analysis
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Decarbonizing the Economy Saves Money

DECARBONIZING THE ECONOMY SAVES MONEY

NOTE: Energy prices are a weighted average of prices faced by consumers weighted by the 
shares of consumption of different fuels

SOURCE: Roadmap 2050 Technical Analysis
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Cost of Electricity

COST OF ELECTRICITY
The higher capital 
cost is offset by a 
lower operational 
cost.

1 Weighted average based on the CoE in each 10-year time frame (2010, 2020, 2030, 2040, 2050)
2 Generation only
3 Cost related to non optimal plant use, system dispatch cost for secure operation, running backup 
plants, storage losses, reserve and response cost
4 Transmission and additional generation capex as well as fixed opex for transmission and backup

SOURCE: Roadmap 2050 Technical Analysis
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Cost of Electricity

COST OF ELECTRICITY

SOURCE: Roadmap 2050 Technical Analysis



108  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   109

Roadmap 2050: A practical guide to a prosperous, low-carbon Europe OMA/AMO

Investment

ANNUAL COST COMPARED TO EU SPENDING

1 Forecast for 2010 capex requirement not available for road and rail infrastructure investments; 
  2007 actual data is used instead
2 Average yearly capex requirement from 2011 to 2020

SOURCE: Roadmap 2050 Technical Analysis
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Baseline Cost
BASELINE COST COMPARISON

Baseline Cost SOURCE: Roadmap 2050 Technical Analysis

1) Wallstreet Bonuses in 2007 were $38Billion (€28 Billion)
2)  The Congressional Research Service (CRS) estimate The War in Iraq to 
cost $2 billion per week to $12 billion (€9.16 billion) a month, an estimate by 
economist Joseph Stiglitz.
(Assming: $1.31 USD = €1)

SOURCE: www.bloomberg.com
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Per Capita Costs
ADDITIONAL COST PER HOUSEHOLD

The additional capital cost per household (hh) per year is based on:
Capex = 65 billion /yr
Increase = 30 Billion / yr is 60 EUR pp/yr or 140 EUR per house hold

SOURCE: Roadmap 2050 Technical Analysis
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Per Capita Costs
ADDITIONAL COST COMPARISONS

Based on:
Volkswagen Touareg 4WD SUV
100Liter Fuel tank assuming a fuel price of 1.40EUR
 SOURCE: www.volkswagen.com

Manolo Blahnik Designer Shoes 500EUR pair
SOURCE: www.neimanmarcus.com
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Karin Henriksson
Permanent Representation of Sweden to the EU
Chair of the Education Committee, Education policies, Research and development policies, Recognition 
of professional qualifications, Youth.
Henriksson said that during negotiations leading up to the EYCI, she had felt strongly that attention 
should be given to “something important for Europe’s future”. She said that the Swedish Presidency had 
supported further education and research by promoting the “knowledge triangle”. 

Tanner Merkeley
Office for Metropolitan Architecture                                                                                                            

TM: We have been working on a European project from our office in 
Rotterdam.  As I mentioned in my emails, Rem Koolhaas & Reinier De 
Graaf have been quite involved with projects in the European Union 
for some time. This project first began with an investigation our 
office made last year, the feasibility study for a wind farm on the 
North Sea, and coincidentally the project received quite a lot of 
public and private interest and publicity. 

Subsequently, an organization called the European Climate Foundation 
based in Brussels and Den Haag approached us to work on a project 
aimed at showing how to reduce European CO2 emission levels by 2050. 
The ECF also hired McKinsey and Company to do a technical analysis 
of the current technology and the feasibility of Europe to set 
targets to reduce the EU’s carbon footprint and move away from its 
dependence on foreign fossil fuels. 

One of the key factors in the Mckinsey technical analysis was that 
the EU has an incentive to grow and become a leader in this area. 
Research and education would be a crucial area to invest-in and 
develop further.  We wanted to approach you based on your experience 
with the European Parliament and your specialization in research and 
education.  We were curious to find out about the European Union’s 
educational master plan or the strategies under development. 

At the same time, the European Union is in an interesting position 
because they have a head start and a lot of potential advantage of, 
however if they don’t take investment in research and education 
seriously they could be left behind by countries that see the 
importance and potential in this area (China and the US primarily). 

We are curious to know more about your role and how you are part of 
the greater vision for Europe? We are also interested in how the EU 
deals with continuity of planning and vision since the presidency 
rotates every 6 months.  How does the larger vision of the EU 
maintain its continuity? 

KH: Yes, yes these are issues we deal with. In terms of 
presidencies, we just had our (Sweden) presidency and we planned 
that together with the Czech Republic which came before us and now 
it is Spain, so we in-fact overlap with three countries in their 
presidency at any given time to help maintain the continuity. Spain 
is now in cooperation with Belgium and Hungary.

In an area that I could touch upon that you are after. ‘Sustainable 
development’ is what they call it in the EU. That will now be taken 
up by Belgium during their presidency. The question is of course 
is: what will the impact be in the field of EU education during the 
Belgian presidency? In the field of education the EU does not have 
any real authority towards the policies of member states.  What 
is going on at the moment is a lot of exchange of information & 
experience that was formally acknowledged since the Lisbon summit in 
2000. This was the moment that the EU decided that they were going 
to be the most competitive knowledge economy of the world.

TM: Then the Gothenburg summit in 2001 that was where sustainability 
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really became a high priority on the agenda.

KH: Yes, exactly.

Because from the beginning in 2000 at the Lisbon summit which I was 
part of, it was about competitiveness and it was about economic 
growth. Then during Sweden’s previous presidency in 2001, we also 
made it a top priority. So ever since 2001 Sweden has been fighting 
ensure that sustainability has remained an important objective, 
which has not always been the case.

TM: I am sure it has been an important topic of discussion this last 
year, especially because it was the European year of the climate and 
there was the Copenhagen summit last autumn.

KH: Yes, the environment was one of the main priorities of the 
Swedish presidency in 2001 and it was a priority also in 2009, and 
what particularly happened was that Sweden had an important role 
at the climate summit in Copenhagen, although that was chaired by 
Denmark after-all, but Sweden worked a lot with the preparations and 
of course the prime minister had a role in it as the ‘last chairman’ 
of the European Council. He as actually the last one to do that 
because now you have van Rompuy, the Belgian who was elected to 
chair the European Council for two and a half years. So Spain does 
not have the same role in the European Council as Sweden just had. 

TM: So the EU is becoming more integrated? Could it perhaps be a 
move from the European Union to create more continuity? 

KH: Yes well you could say that. Ensuring better continuity within 
six month presidencies was one of their intentions; whether this is 
a good solution still remains to be seen. I am not so sure it really 
is, and a lot of people are skeptical. Initially people were against 
having a chair for the EU Council. Some The people who thought they 
might be elected, like the Swedish president and others like Tony 
Blair thought it was a good idea and proposed that this would be the 
solution for the future. (laughter) that is the way it works in the 
European Union. So now we have Mr. Rompuy as chair of the European 
Council. We will see how it works out. Of course it is always 
important to see how the presidencies react. The permanent chair of 
the European Council will work closely with the Commission. As for 
the approach toward sustainability: The Lisbon strategy was set-
up until 2010 and now there is going to be a continuation of this 
strategy called: ‘EU 2020.’

TM: Yes, this is one of the purposes of this report, to help 
influence the construction of this new strategy for the next decade 
and the next 40yrs, and our objective is to create a report that 
deals with these issues. 

I was reading a debate recently on a related topic where I 
discovered that the EU has a clear agenda for the coming years 
to encourage more people to study engineering. Apparently the EU 
has decided that engineering has the most potential for growth, 
especially in the area of sustainable technology. How is the EU 

planning to implement this? Will this mean a series of large EU 
research centers or universities in the future? 

KH: When it comes to ensuring that there are enough students in 
Master of Science programs and so on. This has been a prerogative 
for the education ministers for quite some time ever since our 
previous presidency (2001) because we had a meeting for all 
ministers of education and research. We had a presidential meeting 
about the fact that the number of students in most member states 
was decreasing in the Masters of Natural Sciences. This was 
really a problem for research, because if you do not have enough 
students then you do not have enough researchers. So the ministers 
of education eventually agreed on a bench mark for the number of 
graduates in those subjects, which also included stimulating women 
to go into this area.

TM: How would they ‘stimulate’ is it through funding or other 
incentives in earlier development programs before university?

KH: Yes, you need to start quite early. Many countries including 
Sweden have had different kinds of projects in the schools to try 
to motivate young women to go into natural sciences. In fact some 
countries have done quite well. Countries like Ireland for instance 
have done a great job in attracting young women into Natural 
Sciences. 

In the beginning the Netherlands said: ‘this is not important, 
we don’t need a bench mark for graduates in Sciences.’ They were 
still thinking that commerce and trade is what they would live on 
forever after. Then just a year or two later they realized that 
technological competitiveness was quiet important. This was quite 
interesting turn of events for education administrators. The initial 
position the Netherlands took on this issue became the benchmark for 
the European Union.  So we set an EU target that was comparatively 
quite low. And in less than a year and a half later we achieved 
our target. So it was a conservative step in the right direction, 
however that doesn’t mean that the problem is solved. There is still 
a shortage of students in this area and of course environmental 
aspects are becoming more and more important.

TM: Are EU universities starting to develop more programs that are 
geared towards environmental issues? From my own personal experience 
and MSc. study at the TU Delft in the Netherlands, I felt there 
could be more focus on sustainable innovation. For instance in 
Germany there is much more investment in this area and companies 
that are global leaders in photovoltaic technology or heat pumps 
have been established in Germany. Do you know if there are plans 
for the EU to create specialized Master of engineering degrees that 
focus on renewable energy development and innovation to try and 
further build an EU industry around sustainable technology? Another 
related problem that comes to mind is that many universities, 
especially the Engineering schools seem to have an entrenched way of 
working. Their hierarchical structure may benefit from some sort of 
incentive program to help encourage innovative cutting-edge research 
in EU engineering schools. 
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KH: It is really difficult, because if you look strictly at 
education, then the European Union does not really have any power or 
at least cannot enforce policies on member states.

TM: Yes true, however the EU does distribute funding to the member 
states. Can the funding policy be used as a tool to help encourage 
and support more sustainable innovation? 

KH: Yes, when it comes to research it is a little bit different. 
Because the European Union has more influence in the field of 
research and the right to propose coordinated policies. There is 
quiet a lot of money set aside by the European Union for research 
projects. Almost all of that is put into what is now called ‘the 
Seventh Framework Program’ and will be eventually ‘the Eighth 

there is the 
possibility 
for the 
European Union 
to stimulate 
research and 
cooperation in 
the field of 
research between 
institutions 
in different 
countries.

Framework Program’ and so on. I think 
it has a total of over 50 Billion Euros 
distributed for a seven year period 
and is growing each year. Within the 
framework program there are different 
types of priorities set up, and 
sustainability is one of those areas. 
So there is the possibility of course 
for the European Union to stimulate 
research and cooperation in the field 
of research between institutions 
in different countries. I am not so 
familiar with details of specific 
projects, because my specialty is in 
decision making, and I am not involved 
in program implementation. However I 
do know there is a lot of interesting 
programs happening in the framework 
program, and a lot of money invested 
in it. However it is difficult to get 

access the money because the procedures are very complex and there 
is a lot of bureaucracy around the applications process. 

TM: Are these funds available for students, individuals, companies 
or institutions? 

KH: Yes, well a combination of research institutes and it of course 
varies between different countries. In Sweden a lot of research is 
carried out within the universities. However this is not the case 
in Germany for example, so it depends on how the research system is 
organized in the different member states. A research institute or a 
university could be a private company or a public institution. There 
is a definite priority for the European Union to stimulate small 
or medium size businesses. The big ones not so much because the big 
ones know they have to invest and they have the money to do it. But 
the small and medium sized enterprises are the ones that can benefit 
the most from the funds, and you always try to reach them everyone 
but that is not very easy. These are some of the mandates of the 
framework program and similar programs. 

TM: Is a lot of the framework funding earmarked for new technology 

or sustainable development? Or does it focus on a more broad type of 
research funding?

KH: Well there are different areas of priority, there is some money 
going to the social sciences. But one has to remember that the 
origin of research work and funding in the European Union is to 
stimulate industry and technological development. So other research 
areas certainly the softer ones (arts, social science...) receive 
funds after the lion’s share of the funding is distributed to 
Medical, technology and engineering. Currently, environmental issues 
are becoming more and more important in this framework program. To 
address some of these developments a new entity has been created 
called: the European Institute of Innovation and Technology (EIT) 
which is still being set-up you could say. 

This was an idea of Barroso the president of the European Commission 
it came out in one of the summits and people thought what on earth 
is this?

TM: Would it be based on a particular location or is it planned to 
be something more virtual?

KH: From the beginning no one had a clue what it was going to be 
about. Initially people thought that Barroso wants a European 
MIT. Sure enough it was something like that. The idea was that it 
would be based somewhere in Europe with lots of European flags on 
it and maybe some French flags. The European Commission started 
to elaborate this and tried define what it would be more clearly, 
because from the beginning you only had the name. As it turned out 
that member states did not like the idea of just one institute in 
one place, so at the moment there is only an office (not a whole 
institute) placed in Budapest. It will be interesting to see what 
becomes if the EIT in the future.

There are always two things that cause years of negotiations in the 
European Union one is where are we going to place an administrative 
office and the other is about languages. So at the moment, there 
is a center for administration where the board members meet in 
Budapest. And apparently some knowledge and innovation centers are 
being setup across Europe. All of this is in a very early planning 
stage so it is hard to tell what form it will take in the coming 
years. It is clear that the idea will be based on a knowledge 
triangle that works with research and innovation. One of the reasons 
the project is still under development is that there was very little 
money in the EU budget for any additional projects. Barroso had 
this idea after the seven year budget was already decided upon. 
Initially the ministries of finance didn’t want to give a single 
penny to anything new. Nevertheless, they did manage to find a 
couple of hundred million somewhere in the budget to get the project 
started. Of course this was not enough so one of the ideas was that 
the private sector would be a key player in helping to finance the 
project. In Sweden’s case, the Royal Institute of Technology is 
involved very much in one of these research centers, as well as the 
seventh framework program. The environment and sustainability is one 
of these areas highlighted by the European Institute of Technology 
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(EIT).

TM: The idea of a star institution in Europe seems like such 
an interesting concept. Of course initially it appears to have 
some drawbacks, because it could compete with the many top tier 
institutes within the member states. Howerver, perhaps this it 
is just a question of organization in a way that strengthens 
all the other institutes by connecting them and while forming a 
new prestigious brand. I know from an international educational 
perspective, having a more streamlined set of options makes it 
easier and more attractive to foreign students. As we could imagine, 
from an EU perspective the benefits of establishing a global magnet 
for research and education could have numerous other positive 
implications.

Could it also be possible to say divide Europe into regions each 
with a research hub, connected to the same institution. Perhaps the 
centers could be set up for research and innovations in regions 
where it makes sense to develop the appropriate technology. It could 
still be one institute, but with different faculties in different EU 
regions. For example in Spain would probably be a better place to 
start to develop solar technology than German for instance. Can you 
give some insight into some of the ideas behind the vision for EIT?

KH: There will definitely be these centers, knowledge and innovation 
centers, they are still developing but eventually there will be 
centers working on different areas. I am sure there will be one 
working on environment for example. That is probably well on the 
way. I know of course for several years there have been efforts 
made to stimulate joint degrees for example and lots of development 
work going on in projects financed by the European Union and also 
a special program in the field of education which is based on 
universities offering joint degrees. First and foremost it still 
needs parts from the other world. Universities get substantial 
grants through this program, in order for Europe to attract the 
best students from other parts of the world instead of the United 
States. European students can be involved too, but the priority is 
to attract the best students from India & China.

TM: Can you explain the EU system further. It seems a bit different 
from the system in the United States. There they essentially 
purchase and support top professors and researchers and the students 
follow. Is that what one of the approaches the EU is considering?

KH: Not in terms of buying the professors. But this is one way 
of doing it. The EU chooses to increase the attractiveness for 
European higher education, through cooperation with other important 
institutions inside an outside of Europe. The ideas began during 
our previous presidency and have been under development for the 
last 6 years. This is just an example of where the things are going. 
The concept of joint degrees is something we have been working on 
European level, and it is much easier said than done. The biggest 
obstacles are language and legislation in the different countries. 
Coincidentally Sweden really pushed this idea in 2001 and told 
everyone else that we should have European degrees and joint 

degrees, but Sweden could not participate in this concept because 
our legislation did not allow it at that time, it does now. Italy 
was the only country in Europe that could just do it. But that is 
changing now. 

We started our presidency last summer with seminar which had to do 
with the idea of hubs, to get universities to work together across 
borders in order to promote excellence. One problem we encountered 
was that in Europe universities are above things like excellence and 
money. Universities see themselves as a public good. They just did 
not want to even discuss how to promote excellence, because that 
ultimately means you can not promote all your institutions equally 
of course.

TM: That is an interesting dilemma.

KH:  In all countries there are higher education institutions which 
have been set up to stimulate regional development, the institutions 
are not necessarily designed to become the best universities or 
to have world class research facilities, but to serve to local 
workforce an regional population. In Sweden we have a number of 
universities which are spread across the country as do most European 
countries. One of the biggest problems is that there are too many 
higher education institutions in Europe, more than we need and more 
than could ever become excellent that is for sure. 

The trend in Sweden is that you will see more mergers between higher 
education institutions and universities. They simply cannot achieve 
the critical mass they need in terms of resources. That is one 
reason and another is that the number of students will be decreasing 
in some years.

TM: There was even a debate in Netherlands to combine Eindhoven 
Technical University with Delft and basically what their plan is 
to put all the civil engineering in one institute and chemical 
engineering in the other so they can combine the infrastructure. I 
think it is an interesting idea, but if you actually think about 
it, the TU Delft already quite a big institution. For instance 
the faculty of architecture is already over 3000 students. This 
can often be a bit impersonal or overwhelming to some. So another 
interesting question in regards to excellence is do you increase 
the quantity, or try to focus on bringing the best and brightest 
together?

KH:  That discussion is certainly going on. Those universities who 
realize and I should mention that not all universities understand 
this point which is surprising. However those who do, realize that 
they have to do something in order to be prepared for the future. 
And when I say the future I am talking about the demographic problem 
of fewer students which translates to fewer resources.

TM: Yes, the population decline in Europe is another interesting 
topic.

KH: Definitely, not so much in Sweden but Spain and Italy they are 
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In order to implement this of course you should not go to the 
Council of Ministers because they are not prepared. It has to be 
proposed by the European Commission for the ministers to actually 
deal with a specific question. The European Parliament is important 
when it comes to influencing the Commission. It is always the 
Commission that proposes, but for the Commission to have ideas they 
have to use their own experts. The commission also picks up ideas 
from a variety of sources and priority levels and it usually helps 

going to have huge problems. Of course it is development everywhere, 
but it is less serious in Sweden as will be in Italy for example. 
Nevertheless they have to do something and of course this is being 
discussed a lot now. But to go back to the topic of excellence; to 
achieve excellence we must improve your performance in order to 
stay globally competitive. Universities will have to stop offering 
everything and that has been the case all over the Europe. Almost 
all higher education institutions whether they call it universities 
or colleges tend to offer everything under the sun, and that will 
change.

TM: I did a workshop with the ETH (Swiss federal institute for 
technology) in Zurich and I noticed that they were relatively strict 
about what they offered. And if you do a PhD you fall into very 
clear research topic where a hierarchical organization of professors 
and assistants all work towards one very specific research area. Of 
course it also has its drawbacks but it was interesting that the 
state funded institution was quite precise about how it directed its 
research funding. 

In order to 
implement this 
you should 
not go to 
the Council 
of Ministers 
because they are 
not prepared. 
It has to be 
proposed by 
the European 
Commission for 
the ministers to 
actually deal 
with a specific 
question.

One of the last questions we 
were wondering is what motivates 
politicians? There are so many 
roadmaps, reports that come across 
peoples’ desks. We imagine that there 
must be piles of reports that never 
make it to the policy level. One of the 
reasons European Climate Foundation 
got McKinsey and Company on the board 
is that people will start to think, 
McKinsey did the analysis and it might 
be the best we have available, so it 
is worth having a look. Mckinsey made 
a point of also working extensively 
with industry to understand their 
concerns and to get realistic appraisal 
sustainable development in Europe.

KH: With politicians in member states 
there it really depends on what their 
domestic agenda is and what priorities 
they have and what they think they can 
achieve. But at European level you have 
to get the Commission on board somehow. 
The commission is the group that will 
ensure that the message is conveyed to 
the ministers and I suppose in this 
case it would be the Energy Council. 

if the European Parliament has been pressing the issue. When it is 
the Commission’s task to propose something to the ministers they 
meet in the Council of Ministers. Since the Lisbon Treaty came into 
force it is almost always the case that the Commission proposes or 
sends a proposal to the Council of Ministers and to the European 
Parliament at the same time. If the European Parliament had their 
report from the beginning and was able to discuss it and came up 
with ideas and had hearings. They very often have hearings in the 
European Parliament and press the Commission. This way they will get 
the formal proposal back from the Commission and start working on 
that in parallel with the Council of Ministers.

TM: So they almost need to first focus on the European Parliament 
to keep them up to date with the relevant facts and concepts. What 
about lobbying directly to the council of Ministers?

KH: You do not lobby in the Council of Ministers, because by that 
point it is too late the Council of Ministers only deals with draft 
decisions. But instead you definitely need to lobby within the 
European Parliament and the Commission. Also interestingly, under 
this new Commission there they have split up the director general to 
take care of energy among other things. So there is specific person 
dealing with energy at the moment that could be another promising 
way forward, as they will be looking for high potential projects to 
focus on.

TM: Thank you for taking the time to go through this with me today.

KH. It was a pleasure to hear your perspective on the issues. I wish 
you all the best.
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CoE

100% RES PATHWAY CoE (cost of electricity)
A 100% RES pathway 
could be about 
10% more costly 
and relies on 15% 
import of power 
from North Africa 

Average CoE of new 
builds from 2010 to 
2050, EUR/MWh
 

1) Coal (5%), gas (5%) and nuclear power (10%) replaced by 15% solar CSP from North-Africa (~700-800 
TWh (similar as Desertec) and 5% enhanced geothermal (assumed to be spread over the region relative to 
the estimated potential). CSP CoE assumes 25% improved irradiation compared to Iberia.
SOURCE: Roadmap 2050 Technical Analysis, Desertec
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Increasing Grid Capacity

Decarbionized power requires an increase in Capacity INCREASE IN GRID CAPACITY
The roadmap 
requires 
significant 
development 
of europe's 
transmission 
grid
 

1 Development of grid is assumed to be driven by the penetration of intermittent 
  power sources (solar PV, wind onshore and wind offshore)
2 This assumes a linear build up of grid capacity in thousand GW km between 
  1990 and 2010, starting at zero, although some grid has been built even before 
  1990, i.e. UK-France and much of the Central European interconnections

SOURCE: Roadmap 2050 Technical Analysis
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Capex will Increase

ANNUAL CAPEX DEVELOPMENT
In the 60% RES 
pathway, annual 
capex requirements 
increase by 89% 
until 2020 compared 
to 2010 level and 
baseline 

A doubling of capital spend would be required over the next 15 years
SOURCE: Roadmap 2050 Technical Analysis
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EU 27 GDP

LONG-TERM EU27 GDP

SOURCE: Roadmap 2050 Technical Analysis
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GDP  Growth Rate

EU27 GDP GROWTH RATE

SOURCE: Roadmap 2050 Technical Analysis
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Cost Peak

POWER COSTS WILL PEAK IN 2030
For the 60% 
pathway, the Total 
power costs peak 
in 2030 due to 
increasing fuel 
prices and capital 
investments
(€ billion per year)

1) Around 2030, a relatively large share of the inefficient existing fleet is retired and replaced by new 
technologies, resulting in lower costs thereafter
2) Including capex for grid and back up capacity
SOURCE: Roadmap 2050 Technical Analysis
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Delaying Investment is Costly

DELAYING ACTION INCREASES COSTS
Although investment 
is initially high, 
the annual cost of 
delaying investment 
is much higher.

SOURCE: Roadmap 2050 Technical Analysis
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Forms of RES

RENEWABLE ENERGY RESOURCE MAPPING
An integrated 
Europe offers 
a variety of 
geographic 
predisposition, 
and therefore a 
diverse area of 
high potential for 
redrwable sources.

Europe offercs
SOURCE: Roadmap 2050 Technical Analysis
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Mosaic RES Mapping

EU ENERGY RESOURCE MOSAIC
overlay of current 
energy use and 
those regions with 
the highest energy 
potential.  
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Eneropa



Location: Bergheim, Germany
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Bergheim Now
BERGHEIM NOW

Photo taken by: Ralph Orlowski/Getty Images
Location: Bergheim, Germany
Article in New York Times:
http://www.nytimes.com/2008/04/23/world/europe/23coal.html
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Bergheim Future
BERGHEIM IN ENEROPA
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Solaria
SOLARIA 
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Isles of W
ind

ISLES OF WIND 
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Tidal States
TIDAL STATES
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 Biomassburg
BIOMASSBURG
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 Vrania
VRANIA
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 Hydropia
HYDROPIA
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Geothermalia
ENHANCED GEOTHERMALIA



PROJECTED ENERGY DEMAND _ 2050
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Preserved Infrastructure
PRESERVED INFRASTRUCTURE
Coal burning power 
plants are still 
planned and even 
being built as 
proposed energy 
sources.  as the 
dependence switches 
to renewables,some 
plants have the 
potential to become 
unesco world 
heritage sites 
before they are 
ever commissioned.
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JR:  After these presentations I would say “The next hour is over to 
you”.      

As you can see, we had some successes, but we also had some real 
concerns and frustrations. We have been challenged very effectively. 
So our question is: how is this possible? Technically, I understand 
it, of course you can believe whichever you want to believe, but I 
can see that it’s not impossible. The question is: How are we going 
to organize this practically?

We would like to split the discussion in two parts of 
30 minutes each. In the first part I would like to 
spend time with some of the reflections from your side.                                                                                                 
One: what do you like about this story?  Why do you think this story 
is an important story that is consistent with what is happening 
today in the society? How can it build on current dynamics in 
society? What is the relevance of this? Is it just an energy policy 
or could it be more for Europe? So help us to collect the arguments 
on why this is really important. Also give us your view of the 
challenges that we face. What is critical to get it right and what 
is going to be really though if you hear this story? Then in the 
second part we will think about solutions how we can resolve this. 
Maybe first I’ll just open the floor to you. Can you give me your 
views on why it is important and where you see the issues and the 
challenges? 

Who would like to start?

P. Bakker: I’ll volunteer.     

I am impressed with the story, actually the combination of the 
two stories. I find it quite powerful. We can all sit back after 
Copenhagen being frustrated by the lack of political success and 
with the shaming of the IPCC (intergovernmental panel on climate 
change) report as it is now, but the case will only get worse. 
What you have presented here is quite a powerful set of evidences 
that with current technology it’s possible to achieve the goal of 
decarbonizing the power sector, and there’s even a beginning of a 
business case, if I read you charts well. I think we desperately 
need to get that message out, rather than another movie on why 
the world would come to an end, we need a movie that shows how we 
are going to solve this, if we were able to put that together. I 
think that power generation is at the core of that. Then, the whole 
perspective around the climate debate is likely to shift. I think I 
see real strengths in your story to get there.

H. Mayer: I find these two stories very, very powerful. To relate 
them to two aspects: the story in the film is that we make this 
progress, but we never said who pays the price and what it means 
in the European context.  If you want to have energy climate change 
debate, you want to link it to the other two stories to understand 
who pays the price domestically and what kind of domestic changes 
come with these industrial changes.        

And what global context do we have? If you say ‘industrial 

With current 
technology 
it’s possible 
to achieve 
the goal of 
decarbonizing 
the power 
sector.

revolution’, what does it mean for the 
social composition? What does it mean for 
those who work in those areas, and what 
does it mean for colonialism, and so on? 
If you have a Eurocentric debate on these 
issues and the message is understood, 
it’s very powerful for the Europeans. I 
am not sure whether Copenhagen failed 
because Europeans did not understand 
it or because they were not heard and 
because other people had other concerns. 
Therefore one has to look at the 
different audiences for the story.  

The story however, I find it fascinating and powerful, but if it’s 
not combined with the other stories. Like: who pays the domestic 
price, what does it actually mean politically? What does it mean for 
the everyday life? That is the fundamental difference between the 
moon-landing example. We all pay and send one man to the moon. Only 
here you have every man involved which is a totally different story. 
I find this interesting, but I wouldn’t try to link it to the two 
other narratives.

L. Bas: I was also very impressed with some of the comparisons 
that you made. We know most of them, so it was nice to see them all 
correlated together here. I have also a few questions and it relates 
to pathways to such as zero carbon society in 2050, it’s on the 
energy efficiency side of things. 

Obviously, it needs a big focus and incredible investments that 
have to happen in the power sector. That’s where the big money is, 
so to say, will have to play and huge investments are necessary. 
This technical question we can deal with a little bit later, but it 
seems like the assumptions for the efficiency potential are not very 
clear here, maybe they’re better explained in the report. I think 
it’s very important to be very clear what your assumptions were 
for energy efficiency gains and which were the actually savings, 
not efficiency. It seems to be underestimated here, too much focus 
on only the power side or on the supply side. So that’s a general 
remark. I think this has to be placed into the whole society 
discussion regarding energy saving and energy efficiency potential. 
That, I believe, is bigger. 

That said:  There is a certain climate fatigue after Copenhagen. 
That’s how we started to call it. Unfortunately, our organization is 
called the Climate Group.

H. Mayer: Get a rebranding.

(laughter)

L. Bas: We will be on a forefront to always fight for the cause 
and we all know that the background for all of this, is avoiding 
climate change. It doesn’t run so very well any more with the 
decision makers, you can all tell now. I don’t see any improvements 
immediately.
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those sizes; for example, how much space 
you would need to be able to provide 
renewable energy across Europe.  I think 
that’s a very good driver to be looking 
at it.

J. Ruys: Maybe a very quick implication 

So this whole story is about the economic opportunities as a 
motivator for addressing climate change. This is a very general 
remark and as it hasn’t been said before, I am happy to be the first 
to do so.   

And secondly, it’s not only an opportunity, but it’s also a big 
risk now for the European economy, just look at what is happening 
in China (I will not go into detail). If we lose that part of our 
knowledge based economic advantage and if we don’t get the EU 2020 
strategy properly focused on energy efficiency and renewable energy, 
we are not only going to lose the classic industry (of course 
nobody’s there to tell, but it’s happening), we’ll even get worse. 
I’m from Belgium and I just saw it happening again in Antwerp, 
you could tell 5 years ago that Opel would close. So now we have 
to drastically realign or we’ll also lose all kind of advantages. 

Economic opportunity 
can be a motivator 
for addressing 
climate change.

North Africa 
does allow you 
to be more 
ambitious.

there is a win-
win between 
ecology and 
economy. Stress 
that all the 
time.

China, just as you’ve read, 
took over the lead on the wind 
power. Now it’s official and it 
is only the start. It is not 
only the opportunities; it is 
also a bit of a danger there 
which we have to be aware of.

J. Ruys: I’ll take up on your remark. For me personally and for 
everybody’s comfort, it has been included; it’s all the efficiency 
work that is included in this story. We need it, and if we don’t do 
it, we don’t have enough energy resources to actually build all this 
renewable generation capacity.

L. Bas: One last thing, I don’t want to take much of your time, but 
the link with North Africa has to be clear; either it’s included 
or it’s not. Transmission goes in two directions, sometimes it 
isn’t where the grid is. I saw the connections in Europe from 
region to region and it’s not included, but in some other parts of 
the discussion you do include it.  I think it makes an incredible 
difference, a big difference, on your 60% pathway if you include CSP 
from North Africa as now it’s very marginal. It’s probably one of 
the biggest opportunities for the real solution.

T. Abrahams: I pretty much agree with some of the things being 
said. I think in terms of presenting a story it’s very important to 
understand how it’s going to impact the individuals and I suppose 
two things struck me there. 

One thing is that even though the number of wind generators will 
be less, they were getting bigger and placed in more difficult 
locations. This rings bells, certainly in governments’ minds, about 
public acceptability.      

One of the other areas which is all about this sort of transition, 
is particularly about the transition from fossil fuels; the 
continuing demand of fossil fuels over the next 40 years and how you 
actually manage that, how you give the providence of fossil fuels 
the right incentives to keep exploring and being able to have some 
sort of vision of what they can expect over that period.   

I noticed on one of the maps, I think it was the west coast of 
the UK and it became tidal land. Tidal is clearly one of those 
technologies, which is a little bit further down the stream (if you 
excuse the pun). I would be interested to see how far you feel that 
that’s an important part. 

Finally, I agree that the particularly the North African solar, 
perhaps to a slight lesser extent than Icelandic geothermal, is 
clearly very deliberately insular EU look. North African solar 
does raise a lot of issues also about dependence and geopolitics. 
I think in your vision of 2050, there’s got to be a possibility of 

on the tidal and the North Africa. In this analysis we would not 
want to claim that it is not a good idea. What we’ve done is built 
a case as robust as possible to prove it’s possible. Of course we 
could argue if we could do it without tidal, if we could do it 
without North Africa; clearly that’s a stronger message. If you 
would include North Africa we could be attacked with the rational 
that some people might not want to include North African, so 
they think that it’s not possible. I think it’s a whole separate 
discussion, we prove it is possible with the simple tools that we 
have now and we appreciate that the future will be different and 
hopefully better.

R. de Graaf: With a footnote there, North Africa does allow you to 
be more ambitious as a whole, in the sense that if you do not want 
to rely on breakthroughs in technology, the incorporation of North 
Africa is needed for a 100% renewable scenario. To some extent, it 
is possible without, but it does allow you to be more determined 
which is, of course, on a global has a larger impact.

J. Ruys: Maybe more of the challenges, what is withholding us from 
doing this?

R. Lubbers: I think it was a very good 
presentation, which made it clear that 
technology is not the problem, the many 
opportunities that are complimentary and 
so on. I am not going to repeat that.

Secondly I find it acceptable to focus 
on Europe. The Europe Climate Foundation 
even advises to put it in the center, 
which the European Union has to make a 
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Next remark; yes, it will go better and faster if you have the 
support of citizens and civil society, institutions, etc. It’s 
doable to explain to the public at large that this is good for 
the economy as well, that there is a win-win between ecology and 
economy. Stress that all the time. Get people to push industries to 
go forward.

My following remark; in my experience we made a very intelligent 
choice to go for the emission trading, as an instrument, but let us 
be fair: today it is very weak and vulnerable. This may be a key 
point. The world is organized with this ‘thing’ of a level playing 
field as the main track to organization; it is in all the speeches. 
Yet, at the same time, it is exactly the instrument why we go very 
slowly forward.  I think you cannot avoid reflecting on this. How 
do we realize a carbon free Europe?  Will the instrument of the 
emission trading system be essential in that, yes or no?  Can we 
afford to do it alone? Do we need other instrument?  It’s not a 
criticism of the presentation, but it is the key point I think. 

Then; I am in favor to start this European Union centric, but of 
course you have to relate to the work to give a list of (for me) 
important dimensions, which you should not avoid.

Firstly, 20 years ago we agreed the European Energy Charter. I am 
absolutely convinced it’s possible today to agree on a European 
zero CO2 charter to forge a coalition with the Russian and the 
sister states there. That might be interesting and I think they 
will be interested, but there is a tendency in Europe to see them 
as difficult, as they don’t give in and we see them in terms of 
battle. You have to turn it around. 

Secondly; in your presentation it’s not very relevant but in the 
world it is very relevant: I am talking about the biological. You 
need to define the European Union in relation to the biological. 
This is a potential source of income. They have large numbers for 
farmers all over the world. It’s already big and will be much and 
much bigger. 

And then of course there is the challenge of how this translates to 
the trade policies. What does it mean if you say ‘I want a zero CO2 
Europe?’ What do you allow yourself in that discussion to the world 
at large? I could go on and on, but these are few remarks you can 
do something with. Thank you.

K. Nicolaidis:  Yes, thank you for fascinating presentation. 

Just three comments and one question. One, very quickly, it seems 
to me that in the story about cost, which of course focuses on 
the mind of politicians, that the figures on the page 14 on the 
decreasing cost are crucial. I somehow heard there was an implicit 
kind of geopolitical calculation there, so it would be really 
interesting to hear what’s behind those calculations, as they are 
very big numbers on page 14. 

The second point is, with my head as part of the Reflection Group 

and our horizon being 2030, I want to raise the issue of 2030 as a 
half-life for your project. You are giving us a horizon of 40 years 
and of course we know that political horizon is more a period of 1 
year, as Ruud can tell us as he had a longer political horizon, but 
let’s say we’ll take 20 years. It would be really nice to have a 
moment where you tell us a bit more about the half-life, this will 
focus the mind of politicians a bit more.                                            

For instance, one thing that worries me is that on page 15 the graph 
on the increasing cost which then decreases, 2030 is the peak, so we 
have a kind of threshold problem. Is there a tipping point of what’s 
happening there with 2030? What does it tell us about political 
feasibility? The differences between the technological horizon and 
the political horizon are that there might need to be some more 
thinking about the half-life issue.

My third set of points has to do with in a way with the title of 
your presentation Zero Carbon Europe. The whole presentation is 
around 80% and there is a real issue about what the message is: 
is it zero carbon? This is a really attractive slogan, political 
slogan; that can inspire both the masses and the elite. 

There is an issue there and I understand your intellectual strategy, 
if you allow me to put a gloss to your strategy, because you’re 
trying to preempt  objections. The way you do it is; first you 
justify your euro-centrism (which I think is great: the classic 
‘let’s be independent’) but also there is the very important 
argument which I think could be brought out, which is: what matters 
in the end is what is consumed in place. We can’t go forever 
thinking about the production measurement of carbon. It’s our 
consumption pattern and getting the two closer together, otherwise 
the carbon leakage problem on global view point is huge.

On that basis you have two strategies, two political strategies. 
I see them as the two A’s: alternatives and degrees of ambition. 

There’s 50% 
chance that in 
2030 nuclear 
fusion might 
happen.

Alternative is simple, as you explained 
it very well with the three pathways, but 
I would be so curious for you to justify 
that. You say ‘look, there are these 
ways to get to 80%, to the same target’, 
but then why the ceilings? We really 
need to have a story about the ceiling. 
Why is the ceiling for CCS 30% or for 
nuclear 30%? Could it be otherwise? Is 

it your decision?  So are we talking about ceilings where really, 
afterwards, the marginal cost after the target of 80% become much 
bigger? What’s going on with these numbers? 

Then you have a separate strategy (it’s so important to distinguish 
them) which is the degree of ambition where you jump from 80% to 
100%. What I think you are trying to say is: in the additional 
20% we find all the political uncertainties, and my idea would be 
that you would really rate them in terms of degree of political 
uncertainty. This is where we need to take a stand. 
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all the energy savings which could be 
generated from them. Look at the future 
and we should look for hopes for future 
developments rather than for fear.

R. Seegers: I fully agree with that. If 
you really want to remove the needle 
you have to get out of this negative 
corner, you should make inventory of who 
is expected to be against this. We can 

You will know very quickly about nuclear fusion. At Oxford we 
have Sir David King who’s leading the Smith Institute and the 
environment, as you know, but he’s also the head of the project 
on nuclear fusion. I was having a lunch with him a few days 
ago and he’s saying to me that there’s 50% chance that in 2030 
nuclear fusion might happen. It would be nice to have some 
sort of probabilistic assessment on this technology. So there 
is a technological uncertainty and then you have geopolitical 
uncertainty, as Luc was mentioning: North Africa. You are saying 
‘Look, if someone who’s listening to me has the gitters about North 
Africa, it only concerns 80% to 100%’.  What my amendment would be, 
is to say: The 80% to 100% is critical in terms of the slogan, as it 
is also the title of your presentation what inspires, so I would add 
a kind of a second part to the 80%.      

I would like to make two more points. First, what if we add some new 
material to the uncertainty of North Africa or nuclear fusion and 
the second part is our 80% scenario. These are two rather different 
stories and in the end there’s a twist to this (which I think is 
implicit in some of the comments). Take the political uncertain 
part, as you know there was the divine surprise that the North 
Africa becomes stable and democratic, and add fusion happening in 
2030 that could help us for the 80%. Then you bring it all back in, 
you have taken it out for political reason but then you bring it 
back in. There are these different strategies.  I’m trying to read 
what you have done and perhaps suggest it might be done even more 
explicitly, because what concerns me is the political message.

I would suggest 
to base the 
mission on hope 
instead of 
fear. I think 
we should look 
more at hopeful 
things because 
there are a lot 
of opportunities 
which haven’t 
been explored.    

The likelihood 
of technological 
breakthroughs 
by 2050 is 
considerable.   

R. Koolhaas:  I think that on the one 
hand there are very many encouraging 
things in the message that you can 
[decarbonize the power sector] with 
current technology and that you don’t 
have to change anything fundamentally.  
The only thing that you have to 
radically change is how Europe works….
which might be another considerable 
agenda.

H. Schuster: Thanks for two 
presentations which are actually 
not that negative as most of the 
discussions going on in newspapers and 
TV. It’s technically possible effort. 
Second, we had throughout the world 
quite a range of different situations, 
which have been overcome somehow, so 
why not this.   

I found two main issues here, which can also contribute to make it 
really happen. First is to think about the reduction of the energy 
demand. What I found in your energy charts is that the energy 
demand will rise: it will and it does all the time. So how about to 
actually reduce it, then it will be much easier to cover everything 
with renewable energy.

The second point is, which I think is the key issue, is the shift 

from investment costs to operation costs. This is something we find 
in the everyday world actually. That main constraint or main limit 
in realization, for example of zero energy buildings, is exactly 
this point. If we really want to realize that, it has to be from a 
political side. It has to be touched that the investment costs are 
not the ones which are really counting for everything. That leads to 
the social problem, more or less, that everybody must be in the boat 
to reach that task including the households for example. This is 
what I think the main combination and these are the main challenges 
here.

E. de Mulder: I am a strong advocate for renewable energy. But 
I wonder if the mission drive is strong enough for this. Is the 
European citizen prepared not to buy 1.5 designer pair of shoes? I 
wonder because right now the drive is based on fear, the fear for 
climate change and the impact of that which is real now in this 
political context. I wonder if that still sets the case in 5 years 
or 10 years time. It’s a hot political issue now of course recently, 
but will that last for a longer time.  Will the European citizen 
be prepared to go on with this mission? to go along that route? I 
would suggest to base the mission on hope instead of fear. I think 
we should look more at hopeful things because there are a lot of 
opportunities which haven’t been explored.    

Besides renewable energy it is also good to look at other things 
to contribute to our European energy balance. For example saving 
energy, is still not sufficiently exploited.

I am defending the underground to the sub-Sahara because I am the 
geoscientist and I have learned to look at the underground cities. 
I think that there are a lot of opportunities. Look at China where 
are these underground cities really very well developed, look at 

know now who would like to be oppose to this. If you want to get 
politicians moving it should not be a negative message sent by fear, 
you have to sell this. I work for Coca-Cola, I am not a marketer 
but I know a little bit about it. You have to sell this message in a 
very clever way. 

Secondly, 2050 is so far away and so difficult to understand. Can we 
identify a first step that is tangible, that people can comprehend, 
that they can almost touch to show what the way forward is? Is that 
a thing that’s included in the plan or are we just going to send the 
message for 2050?

R. de Graaf: I think it’s a fundamental ambiguity in the whole 
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exercise. Part of this is designed to lower threshold to embark 
on it, but at the same time the horizon we are talking about is 40 
years away… 40 years ago it was 1970. The European Union at that 
time I think had about 11 members, so it is plausible that Europe 
in 2050 will have more than 27 members. This is very likely. It 
is also plausible that in that time realm of course there will 
be technological development. Developments won’t stand still. 
Statistically, the likelihood of technological breakthroughs by 2050 
is considerable. But since you can never plan breakthroughs and 
since decisions of all things take place in the immediate present 
you need to play down those effects party in order to get the buy 
in. Of course we all know that to speculate on these effects is the 
most distinguishing thing of such a project.

R. Lubbers: Kalypso spoke about 2030, it seems to me it has to be 
your mission, your key. Okay, that is a fact. This means that 2030 
leads to somewhere. This fits in the exercise, it fits in the kind 
of thinking. But do you agree that it is risky to speak about only 
80% which is in fact 100% by 2050? It would be good to translate 
that into an intermediate step that is plain and simple.

J. Ruys: In terms of time, we would also like to shift gears a 
little bit. If we were to say that everyone would start to talk 

Entrepreneurs 
were the ones 
who founded 
the new brands 
which prompted 
the revolution.  

the pricing 
will drive 
investment.

about this project in the next 20 
years we would say that this project 
is a success. We do not worry about 
the end, we know where we are going, 
we know it is possible and a lot of 
work needs to be done after we finish. 
I heard a lot of remarks and what I 
heard you say in terms of why this is 
important or what the challenges are. 
First, make sure you have a business 
case to change away from the negative 

to the positive inspiring story that they can sell and also money 
wise.  Then I think we also hear to make it “The European Priority”. 
Not a priority, but give them a goal and this could be one that we 
can start in the next year. Third: Make it real for people, make 
it real for politicians, make it real for citizens, and talk about 
the intermediate steps, realistic stages that people can relate to.  
We haven’t talked about technology yet and we haven’t talked about 
regulation.

So what I would like to kick off in the remaining 20-odd minutes 
with this. Can you give us some very practical suggestions that we 
can incorporate into report, so when we present this to the EU and 
say to them: ‘We think this is what you have to do to overcome these 
challenges.’

K. van der Leun: I was thinking about the film you showed, the 
industrial revolution and the internet revolution and the thought 
that came to my mind was that it was pretty much entrepreneur 
driven. You know, entrepreneurs were the ones who founded the new 
brands which prompted the revolution at the end of it all.                                                                            

In this case I found it a bit tougher to see which entrepreneurs 
are going to be the ones with the Apple of the energy revolution 
we are going to see and that there is much more a leading role for 
politicians for infrastructural decisions.

In your report you could really try to separate where we see the 
entrepreneurs take the lead and where should politicians or other 
infrastructure players take the lead. Then, I think we’re going 
to begin to see hooks of where private money and investments will 
drive and where first conditions will need to be shaped before that 
revolution can start. That’s going to be crucial.

M. van Dijk: Let me say something to 
build on this. I listened to the story 
again and I think that there seems to 
be a dilemma or inconsistency. On one 

hand I think we need a story about the entrepreneurship. We all 
know we’ve got many solar companies, many wind companies, who would 
love to invest in this but they all expect increasing prices to 
make their business swing. Then you would assume a future where the 
charges will become higher and higher, fuel base energy becomes more 
expensive and overall prices will increase, and therefore all these 
entrepreneurs will run. 

Another scenario was one quite similar to transport, because it’s 
all infrastructure based, it’s all fixed cost, no variable cost. 
In the moment people started pumping more and more of this into the 
society, the prices will drop dramatically, the internet companies 
went bankrupt, the railroad companies went bankrupt and prices 
really went down. 

You can see that also in the future for Europe once you have got 
your scenario of 80% to 100% renewable. Almost all the electricity 
comes with fixed cost.  Variable costs are almost zero and you’ve 
got very low cost, low price Energy Europe which will drive economic 
role as well. Is this a story where over in coming years energy 
prices will become very high and it will stimulate a lot of economic 
entrepreneurs? Will they drop to the floor, or will they have a 
huge economic growth when the solar and wind companies will go all 
bankrupt in the meantime? What is the scenario here? Because in the 
middle of the two is when nothing happens.

What is the pricing dynamic we’re forecasting here? This industry is 
heavily privatized, the pricing will drive investment. 

M. Ruis: I was looking also at the spatial aspect of the use of 
energy. If I look at least at the Netherlands in the Dutch spatial 
planning, the attention now is paid to the energy and the element 
of energy. We’ve talked about European dimension but also in the 
national level there is now attention paid to it. And I think it 
would be worthwhile to pay more attention if you say that the 
government and, should pay attention to it then in the end you can 
pay attention on the European level. So I think that should be one.
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The third part is the entrupreneuers, 
someone was saying it was all about the 
entrepreneuers, I think it would be great 
to have a report of the cost of non-
carbon technology as an inventory for 
Europe, showing what the obstacles are 
for entrepreneurs.

R. de Graaf: We have done a project for the North Sea and try to 
speak to your Ministry for quite some time.

R. Koolhaas: But I think it’s typical that it took us months.

R. de Graaf: We did a project for the North Sea, this huge wind ring 
in the North Sea. Almost a day after the presentation we were on the 
8 o clock news. There was huge momentum, nevertheless only then the 
problem became the huge labyrinth to who to actually speak to foster 
this scale of project, with all the different European countries, it 
also seems to be multiplicated.

L. Bas: I would like to recommend who to address, because the issue 
is such an integrated problem, so the only solution there is to get 
political will from the prime ministers, really…be very precise in 
what you ask to the European Council.  I think you will also have 
to give this visionary 2050 view that it has to be consolidated 
repeated all over again. But on the short term I think you have 
to send clear message how the EU budget is being invested. Even if 

Why don’t 
we push for 
a treaty on 
renewable energy 
in the EU? 

There must be 
a moment where 
you manage to 
shift the burden 
of proof to the 
actors who don’t 
interconnect.

Countries 
generally watch 
each other to 
make the first 
move.

it’s small, relatively small budget, 
the EU budget compared to international 
budget, but it can have incredible 
exemplatory role, so it’s a crucial 
thing if you look at money that’s there 
for example in research and development 
it’s in FP7 it’s just very marginal 
but it goes to renewable energy but 
look at what still goes toward nuclear 

research, but it’s really striking it’s still going to nuclear 
research.  And, fusion, I find it very interesting to hear that 
probability of fusion is getting closer CSP in North Africa. I 
find it very interesting to hear. And on the higher level what you 
could consider there was a treaty on Europe, why don’t we push for 
a treaty on renewable energy in the EU? Put it really up to that 
level, boost the industry, so that could be very high level message 
so why don’t you try and see if you get a renewable energy treaty. 
And maybe on the shorter term and tied into energy efficiency, we 
see that renewables are progressing in Europe and there is a target, 
and potentially a binding target, but also opportunity sharing 
amongst the member states but it may be very useful for the demand 
side.

L. Baird: It brings up a larger question as well because we’ve 
heard a couple of ways to approach it. One is this going straight 
to the council and having it be a top-down approach, but there’s 
also a question of whether it would be more effective as a bottom-
up approach. Is the European citizen going to forgo the 1,5 designer 
shoes to invest in this? So maybe it’s something that we could speak 
to: do you attack it from the top-down or bottom-up? Is it first 
addressed on a member state or regional level before expanding it to 
the entire EU? I’d like to hear some input into that.

K. Nicolaidis: First of all this is really useful for us because 
we’re supposed to come up with this too, as you know, and to ground 

our recommendations in such deep research 
is really important. 

I would like to speak to four points: 
one is on the public as Laura was just 
saying, Can you sum up in a set of three 
points the goals that the public can 
relate to and hold their politicians 
accountable for? Reinier showed us the 
Rasmussen report, 59% (this is very 
scary, I haven’t seen the latest numbers) 
are skeptical, so there’s a whole PR to 

this: if show your film in every European TV channel, you could have 
an impact.

On Luc’s comment about Prime Ministers: one thing that I find 
fascinating is that of course if you’re going to give them the 
short term target, it’s not an after tax target, it’s more about 
naming shaming and praising a benchmark. Politicians why want to 
know what’s in it for them in short term, so how do you create this 
kind of benchmark? Like the open method of coordination in the EU, 
that’s what they’ll need to know.  This kind of project pressure is 
fascinating from your presentation, especially when you consider the 
introduction of differentiated national benchmarks.

Finally, how do you get going on the real infrastructural 
strategy?  How do you get politicians to sit down and talk about 
interconnection of their infrastructural grid, when costs are 
differentiated, but most of all when we know there are actual 
geopolitical obstacles to building the grid?  There must be a 
moment where you manage to shift the burden of proof to the actors 
who don’t interconnect.  Right now, the status quo is to not 
interconnect, so the burden of proof must be shifted, and we should 
consider the political ways to do so.

R. Lubbers: Europe will need to accept this polluter pays principle.  
My impression is that this is understood by everyone, but it is 
not done until now.  The CO2 Europe ambition: once we have made 
that choice, accepted this European wide, then we can discuss more 
fundamental questions of how to do it, whether with the emission 
trading system or something else.

R. de Graaf: Replacing the emission trading system with something 
else is in itself a huge obstacle.

R. Lubbers: The problem is that you need a level playing field to 
begin with. Whether the access to this comes through the emission 
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trading system or somewhere else is not the issue in the beginning, 
if you are going to move forward if the whole world is going to move 
forward, Europe can and should accept the challenge to be CO2 free 
by 2050.  Regardless.  We talk and talk and talk and we haven’t seen 
it yet.

R. de Graaf: The problem is often that the big countries generally 
watch each other to make the first move.

R. Lubbers: Yes, and this will have to be overcome.

J. Ruys:  Does this bring up any further questions or comments?

T. Abrahams: I think I go back to one of the biggest climate 
challenges which is actually an investment in the network.  What 
I don’t have a feel for is how: it has to be a process in terms 
of what the network should be. You’ve given some broad figures 

about where the big connections go… I 
think there are political issues about 
Iberia, for example.  This fact is so 
important for the whole book of this 
European project, I think that has 
to be a priority, but the regulatory 
regimes need to be there to make it 
profitable for those links to be made 
to those sort of numbers as such that 
we got to look at the commercial sector 
not the EU budget. So how you actually 
going to make that work and how do 
you get the sort of the process of 
the right incentives to produce the 
networks but also the right incentives 
to produce what the end of these 
networks of how that works will be quit 
hard if you have it as a high political 
summit on network or not I don’t know.

C. van Oestrom: One more remark. What 

Ideally it would 
be great to 
tell citizens 
in Europe that 
in the next 
40 years will 
have our own 
decentralized 
energy supply 
which is green, 
which brings a 
lot of green 
jobs.
worries me most at this moment is that all over Europe there’s a 
lot of budget constraint at the moment. I think the Dutch government 
is planning to save 35 billion Euros a year in the next 10 years 
to come back to the old levels of fiscal deficit. I think then that 
the result of that will be that there will be no big plan of change 
in the whole energy plan all over Europe. Every country will have 
difficulty with its own people and will try to find ways of not 
spending money. I know some of the Dutch political parties were 
saying right now let’s save 50% of what we pay in Europe. So it will 
be difficult to look at Europe and see that will happen there over 
there. At the same time there’s a lot of opportunity more on the 
local level. For example in the building industry will be quite easy 
in the next five years too many building will be carbon neutral and 
will cost exactly the same amount of money as we pay today. Energy 
savings will be sold and almost that you can invest a little bit 
more upfront save it of the lifetime of the building. And I think 

that we should be looking in ways for the system or other system 
that will go over just a little bit over edge to invest into those 
buildings to invest in those cars, and all those opportunities that 
are already out there. And if we do that, my company is doing so 
much in about three years by investing in green buildings if I look 
at the next ten years, we will you know we’ll invest so much money 
we’ll learn more and we’ll learn from our mistakes and go on. That 
is happening the same with the electric cars the same is happening 
with so many other industries. And to get the first movers going, 
the government should do things that do not cost money, which is a 
good thing, the 32 billion, the Dutch government wants to save but 
they have to be smart and there has to be a sort of consensus on how 
to do it. That’s my last remark.

What I’m very much worried about is that in the last few months a 
lot of people really didn’t trust the green movement that said in 
the email: It turns out the IPCC was wrong, wasn’t it and I think 
that if you make a report and you just say we’ve got a new green 
idea, the whole logo let’s go from blue to green a lot of people 
will say: Hey! Didn’t we just find facts that it isn’t true?

So if you look at the whole question within let’s say our neighbors 
(and on that part I might not agree with Mr. Lubbers) for the next 
years it might be at very difficult situation with our oil supply 
from Middle East and from Russia. Ideally it would be great to tell 
citizens in Europe that in the next 40 years will have our own 
decentralized energy supply which is green, which brings a lot of 
green jobs, which has a mix that’s completely different then it was 
in the past. Then you don’t have to convince people that the poles 
are really melting. There’s a big problem coming towards us which I 
believe is true. From a PR perspective it would be easier to have a 
second set of reasons to do it.

J. Ruys: Ok. I’m gonna try to recap it. 

Again, not to completely exhaust the point, but let me first say 
this is extremely useful for us: we have commenced in a project 
where many of the organizations wished us ‘good luck’ when we 
started this, because it’s so complex and the ambition of what 
you’re trying to achieve is so high... 

At the same time we realize we are not going to ‘solve it’ in 
these nine months that we have worked together on the project. If 
the result of this report is that we can provide some facts that 
basically leave previous questions in the past, prompting the 
audience to move onto the next set of questions, I think this will 
be a success on our side. A lot of this discussion we are having 
today is actually about what is going to be done onwards, and you 
have given some concrete suggestions. I’ll just reflect on the 
couple of them. 

The first one to start with: how you position this in the climate 
versus economy versus ecology independence debate. Generally you 
agree that we need to find something that’s more robust than just 
climates. 
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Electricity Demand 2050

ELECTRICITY DEMAND 2050
(EU27 PLUS NORWAY & SWITZERLAND)

Note Existing capacity includes new builds until 2010

SOURCE: Roadmap 2050 Technical Analysis 
(McKinsey Power Generation Model)
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EU Demand

Now²  2050³ 

KEY: Units: TWH/Year

ENERGY DEMAND 2050
energy consumption in 
the European union in 
2006 was 3354Twh/yr¹
it is estimated 
that demand will be 
4900Twh/yr in 2050. 

SOURCE: EU Energy and Transport in Figures
1) 3354 TWH/Year 2006 (Eurostat December 2008)
2) 3534 TWH/Year 2010 (Estimate)  
3) Projected European demand in 2050 is 4900TWH/Year
4900 TWH/Year 2050 (Roadmap 2050 Technical Analysis)



  
HIGHEST SOLAR POTENTIAL
SOLAR, HIGH RES PATHWAY

POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2050
HIGHEST SOLAR POTENTIAL
EXISTING SOLAR
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2010 (existing)
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80% Pathway Solar

80% PATHWAY _ SOLAR 
plan for location 
of solar energy 
production.

Note: The installation of about 5,000 square kilometers of solar panels over 40 years in the 60 
percent RES pathway, equaling 0.1 percent of the area of the European Union (assuming 50% 
of these being rooftops solar panels). This requires signifi cant project management efforts and 
(spatial) planning and permitting at large scale. The new installation and replacement of close to 
100,000 wind turbines (of which half could be at sea), equaling 2,000 to 4,000 new wind turbines 
per year. This is about the same pace as the wind sector has built over the past decade, albeit 
that the new wind turbines are signifi cantly larger (up to 7-10 MW), with a large share offshore 
in challenging conditions.
SOURCE: Roadmap 2050 Technical Analysis



HIGHEST WIND POWER POTENTIAL
WIND POWER, HIGH RES PATHWAY

POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2050
HIGHEST WIND POWER POTENTIAL
EXISTING WIND POWER 
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2010 (existing)
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80% Pathway W
ind

80% PATHWAY _ WIND ENERGY 
plan for location 
of wind energy 
production.



HIGHEST HYDRO POWER POTENTIAL
HYDRO POWER, HIGH RES PATHWAY

POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2050
HIGHEST HYDRO POWER POTENTIAL
EXISTING WATER POWER PLANTS
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2010 (existing)
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80% Pathway Hydro

80% PATHWAY _ HYDRO
plan for location 
of hydroelectric 
energy production.



HIGHEST GEOTHERMAL POTENTIAL
GEOTHERMAL, HIGH RES PATHWAY
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2
 

2050
HIGHEST GEOTHERMAL POTENTIAL
EXISTING GEOTHERMAL
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2010 (existing)
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80% Geothermal

80% PATHWAY _ GEOTHERMAL 
plan for location 
of geothermal 
energy production.



COAL-OIL-GAS (CCS), HIGH RES PATHWAY
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2050
EXISTING COAL-OIL-GAS 
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2010 (existing)
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80% Pathway Fossil Fuel

80% PATHWAY _ COAL/GAS/PETROLEUM
plan for location 
of coal/gas/oil 
energy production. 
in 2050,the amount 
of coal/gas/
petroleum power 
is reduced and 
includes carbon 
capture & storage.



NUCLEAR POWER PLANTS, HIGH RES PATHWAY

POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2050
EXISTING NUCLEAR POWER PLANTS
POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

2010 (existing)
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80% Pathway Nuclear

80% PATHWAY _ NUCLEAR
plan for location 
of nuclear energy 
production. in 
2050,the amount of 
nuclear power is 
reduced.



SOLAR  POWER 
WATER POWER PLANTS 
WIND POWER 
BIOMASS PLANTS  
GEOTHERMAL 
COAL-OIL-GAS (CCS) 
NUCLEAR POWER PLANTS

roadmap 2050

POPULATION DENSITY, 
200 AND MORE INHABITANTS PER 1KM2

SOLAR  POWER 
WATER POWER PLANTS 
WIND POWER 
BIOMASS PLANTS  
GEOTHERMAL 
COAL-OIL-GAS (CCS) 
NUCLEAR POWER PLANTS

proposed energy + potential
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Combined Energy Types

COMBINED ENERGY TYPES _ 80% PATHWAY
existing energy 
potential location 
of proposed energy 
types for 80% 
pathway.



SOLAR  POWER 
WATER POWER PLANTS 
WIND POWER 
BIOMASS PLANTS  
GEOTHERMAL 
COAL-OIL-GAS (CCS) 
NUCLEAR POWER PLANTS

energy locations + energy grid
SOLAR  POWER 
WATER POWER  
WIND POWER 
BIOMASS 
GEOTHERMAL 
COAL-OIL-GAS (CCS) 
NUCLEAR POWER 

energy areas + energy grid

208  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   209

Roadmap 2050: A practical guide to a prosperous, low-carbon Europe OMA/AMO

2050 Energy Grid

2050 ENERGY GRID _ 80% PATHWAY
new energy grid for 
the 80% renewable 
energy pathway.
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Metro Map

EU ENERGY NETWORK
Diagrammatic 
representation of 
integrated European 
power grid.
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100% RES Pathways

100% PATHWAY
additional Capacity 
is required to reach 
the 100% Renewable 
Energy Pathway
this is achieved 
through the 
introduction of 
breakthrough 
technologies + 
Solar from N. Africa

SOURCE: : Roadmap 2050 Technical Analysis, Desertec
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North Africa Solar

BENEFITS OF NORTH AFRICAN SOLAR
Both the EU-27 and 
North Africa will 
benefit from their 
introduction into the 
European Energy grid.



Solar Energy
Potential

Solar Insolation
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North Africa Grid

NORTH AFRICA SOLAR ENERGY POTENTIAL
North Africa is 
well located to 
take advantage 
of the high 
solar potential 
and relative 
proximity to the 
EU-27.
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North Africa Grid

EU- ENERGY GRID
Including North 
Africa in the 
European Energy 
grid increases 
capacity.



220  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   221

OMA/AMORoadmap 2050: A practical guide to a prosperous, low-carbon Europe

EU North Africa Link
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Enhanced Geothermal

The addition of 
5% geothermal for 
the 100% renewable 
energy budget 
requires the 
implementation of 
enhanced geothermal 
techniques. Where 
geothermal energy is 
usually relegated 
to volcanically 
active regions and 
1-2km boreholes, 
enhanced geothermal 
uses 6-10km deep 
boreholes, providing  
a much broader area 
to tap geothermal 
heat for primary 
energy production.

BREAKTHROUGH TECHNOLOGY:
ENHANCED GEOTHERMAL

SOURCE: : Roadmap 2050 Technical Analysis
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Entrepreneurial news
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Nuclear Fusion

Fusion power is 
generated by fusing 
atoms together, 
liberating enormous 
amounts of energy 
and with the 
production of only 
small amounts 
of low-level 
radiation. Energy 
produced from this 
process is the same 
as what occurs 
within our sun. 

BREAKTHROUGH TECHNOLOGY: 
NUCLEAR FUSION POWER

credits: Mark Woollard 
(photo),BBC News (diagram).

SOURCE:  Mark Woollard (photo),  BBC News (diagram)
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Space Solar Power

Space-based solar 
PV panels on a 
satellite in orbit 
are unaffected 
by the day/night 
cycle, weather, 
seasons, or 
the filtering 
effect of Earth’s 
atmospheric gases. 
The electrical 
energy generated 
by the PV panels 
is transmitted to 
earth by first 
converting it to 
microwave energy 
that is then 
converted back to 
electrical energy 
on earth.

BREAKTHROUGH TECHNOLOGY: 
SPACE SOLAR POWER

SOURCE:  Japan USEF, SSPS project (photo), New Scientist (diagram)
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Wave Power

The Pelamis Wave 
Energy Converter is 
a technology that 
uses the motion 
of ocean surface 
waves to create 
electricity. It 
consists of a series 
of semi-submerged 
cylindrical 
sections linked 
by hinged joints. 
The wave-induced 
relative motion 
of these sections 
is resisted by 
hydraulic cylinders 
which pump high 
pressure oil through 
hydraulic motors via 
smoothing hydraulic 
accumulators. The 
hydraulic motors 
drive electrical 
generators to 
produce electricity. 

BREAKTHROUGH TECHNOLOGY: 
WAVE POWER

SOURCE:  Photo & Diagram: Pelamis Wave Power Ltd.



232  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   233

OMA/AMORoadmap 2050: A practical guide to a prosperous, low-carbon Europe

Tidal Stream

Tidal stream 
systems make use 
of the kinetic 
energy of moving 
water to power 
turbines, in a 
similar way to 
wind turbines 
that use moving 
air. This method 
is gaining in 
popularity 
because of the 
lower cost and 
lower ecological 
impact compared 
to barrages.

TIDAL STREAM POWER

SOURCE:  Photo & Diagram Credit: SeaGen.
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High Altitude W
ind Power

Placing Wind 
Turbines in the 
jet stream -15,000 
to 30,000 feet, 
provides constant 
100 mph winds. 
Several companies 
have developed 
prototype flying 
wind turbines 
that transmit the 
electrical power 
to the ground via 
a cable that fixes 
the turbine in 
place.

BREAKTHROUGH TECHNOLOGY: 
HIGH ALTITUDE WIND POWER

SOURCE:  Magenn Inc. (photo), Magenn Inc. (diagram)
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Spray on Solar Cells

Nanoparticle ‘inks’ 
could soon be used 
to produce solar 
cells that can 
simply be sprayed 
onto a rooftop or 
other surfaces, and 
though this sounds 
like expensive 
technology, the 
chemical engineer 
who created it says 
it could reduce 
costs to one-tenth 
of their current 
price. Brian Korgel 
of the University 
of Texas at Austin 
says he believes 
that this reduction 
in price could 
thrust solar power 
into competition 
with fossil fuels.

BREAKTHROUGH TECHNOLOGY: 
SPRAY-ON SOLAR CELLS

SOURCE:  Istockphoto (photo), IMEC(diagram)
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Algae Biofuel

Algae fuel is 
derived from 
algae - During 
photosynthesis, 
algae and other 
photosynthetic 
organisms capture 
carbon dioxide 
and sunlight and 
convert it into 
oxygen and biomass. 

BREAKTHROUGH TECHNOLOGY: 
ALGAE BIOFUEL

SOURCE:  Edge2energy.com (photo); Knols (Diagram)
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Body Power

For modest energy 
requirements 
such as personal 
electronic devices, 
and other low 
energy consuming 
products. Body 
power energy 
harvestingsystems 
can gather power 
from temperature 
differences of  the 
body, movement 
(from bending 
of fabric), or 
piezolectricity 
(from pressure 
such as in the 
heel of a shoe). 
These systems could 
provide enough 
power for personal 
electronic items, 
or biomedical 
devices (i.e. heart 
rate and blood 
sugar monitors) 
or any other 
other low-power 
electronics, but 
would not produce 
energy that could 
be harvested or 
stored.

BREAKTHROUGH TECHNOLOGY: 
BODY POWER

SOURCE:  www.inhabitat.com (Photo)
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Technology in Use
BREAKTHROUGH TECHNOLOGIES 
INCREASINGLY APPEAR IN THE EVERYDAY



Transcripts_

Oxford workshop
Oxford, UK
8 March, 2010
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LB: (Brief introduction of the project)

KN: Okay great, let’s discuss the main concept of this project 
first.

LB: The way that this project was set up was though a method called 
backcasting which is obviously the opposite of forecasting: deciding 
what the world looks like in 2050 and then figuring out how to get 
there. It all began when countries agreed at the G8 summit last June 
and then again acknowledged at European Council in October that we 
must reduce C02 emissions 80% by 2050. That was set as the initial 
goal by the ECF and confirmed by McKinsey and Company. 

So what does 80% emissions reduction by 2050 mean? It means 
complete decarbonization of power and transport sectors. The reason 
for this is that certain industries (like aviation for example) 
cannot decarbonize entirely, so you have to decarbonize as much as 
possible, wherever possible.  The power and transport sectors are 
the most adaptable to these structural changes. 

A: What about agriculture?

LB: Agriculture is another industry that is difficult to fully 
decarbonize, however it is important to note that its impact is 
relatively small. But to answer your question Agriculture needs to 
decarbonize by about 20% to meet our objective. 

KN: What is interesting is that they offer four scenarios and each 
scenario has a different mix of technologies.

We have known 
about the 
increase in 
greenhouse gas 
emissions for 
about 30 years, 
since the first 
oil shock, but 
nothing has 
really happened.

LB: The technical analysis presents four 
ways to get to 80% emission reduction. 
Each pathway has the same net effect, 
but are broken down into: 40%, 60%, 80% 
and 100%  percentage of renewable energy 
sources. Energy demand not from renewable 
energy sources are met through CCS 
(carbon capture and storage) or nuclear. 
I am sure all of you probably know more 
about the intricate workings of these 
technologies than I do (laughter) but we 
do rely upon this technology in the three 
scenarios that are not 100% renewable. 
A primary objective of this report is 
that the analysis is meant to be somewhat 
agnostic in a way it is presented and 
that any politician could buy-in to any 

of these scenarios and they can still reach the 80% commitment. It 
is quite practical to have it set up this way, as it allows industry 
to buy-in to the more conservative scenarios and then others can 
buy-in to the more progressive scenarios. What we are trying to show 
is that with existing technology our goals are achievable and that 
is an important message we want to send out.

DB: A lot of people are very skeptical about even some the estimates 
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LB: yes I do, I also think that one of 
the things that would be helpful to 
discuss today: the technical analysis 
suggests that not only is this really 
a sustainable plan, but that it is 
technically feasible and economically 
beneficial.

LM: When they say that there is nothing 
better around, are they right on that 
point?

of the cost savings on energy efficiency. You know in theory these 
things will save you money and reduce you green-house gas emissions. 
In fact we have known about the increase in greenhouse gas emissions 
for about 30 years, since the first oil shock, but nothing has 
really happened, there are studies around why that is but clearly it 
may have to do with specific realities. Realities like: if you pay 
the money to insulate your house you have to be there for a certain 
number of years before you recoup the costs. There are instruments 
like discounting, so it can quickly get complex. From an economist’s 
perspective a lot of people question the numbers Mckinsey has 
arrived at per sector. Instead of one cost curve covering all 
sectors, there should be a cost curve for each sector, so there has 
been quite some criticism around this. Dieter Helm, for instance, 
is quite a respected energy economist who is quite critical too 
much generalization. I was wondering how you have dealt with these 
criticisms? 

LB: I come from a policy and engineering background so I have a very 
specific area of expertise, and do not feel comfortable speaking 
on behalf of Mckinsey’s economic methodology, but I can get you in 
touch with the right people who could discuss this with you further.

LM: Fair enough, but just to discuss this a bit further for now. 
One of the major criticisms coming from an economist perspective is 
that there are not dynamic effects in your current abatement costs 
in terms of learning rates. So the learning rates come from the 
business school literature on technology adoption and the problem 
with those current abatement cost is that in the case of transport 
we don’t have a current abatement cost for the entire transport 
sector. And they always make it look as if transport was really 
expensive to tackle. But they’ve known the market effect, the market 
dynamics all the time.

DB: That means that these two investments that might pay a lot, 
you know curves are complete shapes, they always go in a certain 
direction everything just gets smoothed out. Nuclear is a classic, 
the capital costs are upfront, they have to be in operation for a 
certain length of time to get you back to zero, so a lot of the 
functions have a time scale. Every single sector has its own cost 
curve; some of them we know quite well, where as some of them we 
don’t understand at all.

KN: So what you are saying is: if you factor in uncertainty and 
risk, you can accurately show their curve mechanism? I have to say 
this seems rather deterministic.

DB: Let us hear more about how you analyzed the study. Now there 
are two major consultants involved OMA and McKinsey. If you think 
about OMA what is your strategy? And your main concerns? One thing 
evident is that you are constrained by the client, GDP, profit, 
etc..  We are less affected by this as academics, so right there 
we have the opportunity to get closer to the truth as opposed to 
uncertainty. And what are the politics of all of this? How do you 
present uncertainty? Nevertheless we want to think about mobilizing 
the political world the decision makers within industry so how 

do you deal with all this?  Because 
when you push [McKinsey] on [the cost 
curve] they kind of go: well no they 
are not per sector, but it is pretty 
good, and is better than anything else 
out there. Practically my question more 
than anything is: what if we miss? Do 
they miss? Most blocks or factors in 
the climate negotiation have made the 
commitments contingent on other people’s 
commitment, so if people come in now 
there will be more. The Europeans have 

We want to 
think about 
mobilizing the 
political world 
the decision 
makers within 
industry.

The Europeans 
have acted 
remarkably 
unilaterally, 
because they 
want to be 
leaders.

acted remarkably unilaterally, because they want to be leaders. How 
would not meeting the targets, which I think is actually much more 
likely than meeting them yearly, play into that political arena 
that people are making contingent promises to.  This is one way of 
mapping uncertainty by factoring in contingency and say look: we 
are going to spend quite a lot of money on this, and we are going to 
try a lead. It might be hard and we are prepared to bear all risk on 
these investments by trying harder if you guys buy in. Do you see 
where I am going?

DB: Not necessarily. Sometimes they talk about mitigation generally 
not to be as efficient, and there are a bunch of reasons. 
Particularly, we use live casts in particular industries, there is 
a trade off here. If you read the climate change committees report 
here in the UK they think we need to get to 80% reductions by 2050, 
here are some aggregate numbers. How do you get there? Well, you 
know we are economists, we don’t prescribe. The industry and the 
energy sector has said that this is absolutely no use to us what so 
ever because we need to know a prescriptive path. So the moment they 
prescribed the path, they then lock in some of those inefficiencies. 
There is a trade-off between the specificity and the efficiency, so 
when they are cost effective it is almost demonstrably untrue; so 
they are able to speak about the path, or they are able to specify 
efficiency. If you define the path you don’t know if it will be the 
most efficient way to spend your money. That is the paradox. And 
if you spend your money in the most efficient way then the investor 
wants to leave it to market economics, but energy efficiency is the 
sort of thing markets are not necessarily very good at regulating.

KN: Is there a paper that analyzes the trade-off between efficiency 
and specificity? Because in the Roadmap 2050 it is actually about 
specificity although they give you four scenarios. 
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C: But there you have it, this is 
also what came up and there was some 
discussion, how much extra energy do we 
need?

DB: Maybe we need to decrease energy 
consumption? (laughter)

C: Mckinsey argues: we know all of this 
but we cannot water down the central 
mechanism. I am putting in all of the 
criticisms. However the next step has to 
be where do we go from here? 

DB: I can explain a little bit about 
what this paper is about. It should 
also be on their website. They want to 
address some things like the renewable 
target and vehicle emissions standards 
and some of those are quite specific 
targets, and I think they are trying to 
say look this is not necessarily least 
cost. It is an easy ball to kick, it 
is an easy goal to score. However I do 
think it is in general a decent piece 
of work.

LB: Even though it is their claim to 
offer both specificity and efficiency, 
what they argue from an incentive 
perspective is that if we integrate 
we will be more likely to meet these 
emission targets. This could be a 

The investor 
wants to leave 
it to market 
economics, 
but energy 
efficiency is 
the sort of 
thing markets 
are not 
necessarily 
very good at 
regulating.

The message that 
with existing 
technology we 
can actually 
reach the 80% 
targets is 
an important 
message in 
itself. There 
are a lot of 
people that 
believe it to 
be impossible.

The consequence 
is that you 
must think 
about Europe 
as a common 
energy and 
environmental 
space.

specific term in the contingency plan however I do not think that 
this report right now has built in how we will actually establish 
this. Who do you present it to? How do you present it? Who has to 
commit? This is one of the problems that comes up Reflection Group 
report is that say Europe needs a common integrated energy policy 
but there’s no statement about what that means. Is it bottom-up 
approach, is it top-down approach. How do you actually propose this? 
How are the commitments enforced? How are the commitments met? I do 
really believe in this project and I have learned a great deal and I 
believe there are a lot positive arguments. But implementation seems 
to be much more complex when you really think about the implications 
of the plan. 

LM: That seems to be a problem for a policy agency here. But 
the other issue here that strikes me is that only an energy 
dimension is being considered. And if you look for instance from my 
perspective on biodiversity, this proposal could potentially be very 
devastating. Look at national energy autonomy, some people don’t 
think about that, then it is very difficult, and so if you really 
want to implement things it will have to go through the political 
process where it will be crossed examined on many different 
dimensions. A report like this is almost a mono-dimensional 
statement. You have to discuss with other people. For instance, if 
I am trying to consult Europe’s diversity, or I am trying to keep 
the geopolitics of energy in Europe in a way that doesn’t harm some 
interest, etc… A report like this is only one voice at the table. To 
try to answer your question, what other voices does the report have 
to discuss? Of course you cannot consider every response on every 
dimension, if I did a report on biodiversity you would reorganize 
the European landscape, etc.. I would then say now we have more 
clear representation. However this does not necessarily mean what 
this should be done.

LB: I think that there are two things that are missing from this 
current table. The first, is the policy recommendations which are 

still being written and which I also have not seen. I do hope they 
offer some specific recommendations of what we need to do. The 
second is a parallel effort by the client to meet with both member 
state representatives and members of the European Parliament in an 
effort to get this whole effort and the whole report on their radar. 
That’s also why the Reflection Group was approached to present some 

of these ideas and some of these findings 
and integrate it into the other work they 
are doing.

LM: What do you mean others work?

LB: In the end when it’s formally 
presented the idea is the Commission or 
the Parliament would adopt the ideas. So 
we can help to integrate the ideas from 
another angle into the EU parliamentary 
process.

C: I attended the Rotterdam conference 
and there was a criticism that came 
up, publically as well as privately. It 
related to the social cost and problems 
of implementation are the geopolitical 
context. Mckinsey defended that they 
are aware of the holes and that they 
cannot solve every problem to the fullest 

extent, but what they are trying to do is to communicate the message 
that with existing technology we can actually reach the 80% targets 
is an important message in itself. There are a lot of people that 
believe it to be impossible. A lot of people believe we cannot do 
anything about it. And that is an important message they want to 
send to the Commission. The consequence is that you must think about 
Europe as a common energy and environmental space where you actually 
make use of the relatively larger advantages others have in certain 
countries, some have wind some have water and how much extra energy 
do we need..

DB: we would not have got what we needed, because the jet-stream is 
on the wrong side.
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LM: Let me mention just two examples 
from France. In France we use 
public funds for utility companies, 
electricity companies, or wind energy 
companies. The results are things like: 
if you build a windmill in France 
there is a table of correspondence 
where by the less wind there is the 
more subsidized you are so that they 
make the same profit with different 

Invest heavily 
in new 
technology.

I fear that 
Europe could 
lock itself onto 
a path that 
by 2040 looks 
obsolete.

If you don’t 
want to put 
windmills 
everywhere 
and convert 
everything into 
biomass, then we 
must invest in 
technological 
breakthroughs.

DB: pay some respect to: we can do this with current technology, 
because in my view, the problem is with exhaustible resources, 
there is only a certain amount of cumulative emissions we can 
manage between now and forever and that will give us two degrees 
of warming. We have four papers and nature describing this, we will 
have about half the amount of carbon to play with so what that means 
is that we have a metaphorical gold mine and we are spending it. So 
what you do from an economist point of view is that you invest to 
be resource free. So in other words if you have gold mine in your 
backyard, while you are selling gold what you do with the money that 
you make while selling the gold is to invest in guaranteeing your 
future revenue stream. You don’t guild your house with gold or buy 
Rolls Royces. In this context what I mean is you must invest heavily 
in new technology that lowers the carbon reliance per kilowatt hour. 
This basically avoids the problem of fossil fuels ending altogether. 

On the other hand if you say we can 
do it with current technology you 
basically are giving people the green 
light to just spend the cash, and that 
is want they will do, and what you 
end up doing is fueling consumption 

and not investment and I see that as a common problem with all the 
major proposals on the table at the moment. They are all about who 
gets what. Because if they fail they can always fall back on the 
new technology, if you look at David McKay’s map of Britain, that 
basically he destroys biodiversity as a trade off initiative. So 
the arguments that we can do it all with current technology it would 
just take massive amounts of infrastructure. I would argue that some 
of the counter arguments used to deploy reports like the ones is: 
they suspiciously say that we can reach our targets with current 
technology, are actually counter-productive, so I do think that some 
of the risks are actually pretty severe. I fear that Europe could 
lock itself onto a path that by 2040 looks obsolete.

amounts of wind. Actually as a result they are building inefficient 
windmills. The same is happening with solar roof panels and that 
is exactly the kind of impact you are mentioning. It is not very 
efficient, it is highly consumptive of public funds, and it is not 
good environmentally.

LB: Because we actually in our book we put in 100% scenario they 
say in order to achieve that to only rely on renewable energy 
you must have enhanced geothermal, which is the breakthrough that 
they see as the most feasible technology to-date and then of 

course you must have solar from North 
Africa. We have included an additional 
selection of breakthrough technologies 
to try to think beyond technology that 
may become obsolete. But they did have 
some reservations about introducing 
breakthrough technology because it raises 
the question whether it is actually 
feasible. One of the claims of the report 
is that all these goals can be achieved 
with current technology. So in the end 
we decided to include a section at the 
back of the book that highlights a few 
interesting future technologies.

LM: Yes, but my problem is with the 
reasoning. On the one hand you are 

reasoning in terms of principles and orders of languages, which 
say it would not be possible to, but assuming that this could be 
translated directly into policy obstruction as implementable policy. 
What you can do with the reasoning in terms of orders of magnitude 
and possibility is to use it to inject into the negotiations or into 
public debate. Some of these arenas you discuss with other people 
who have other concerns. For instance I can imagine a floor for 
public debate, where-by you massively inject the message that in 
terms of order of magnitude we might do it with current technology 
people are going to start complaining that it’s going to destroy the 
landscape, the biodiversity and ruin their homes, etc.. And then the 
discussion can continue. At that point you can then say: ok but, if 
you don’t want to put windmills everywhere and convert everything 
into biomass, then we must invest in technological breakthroughs. 
But at least you’ve got the discussion started. I think if you try 
to do a separate study which tries to translate the ideas directly 
into implementable action this could be problematic.

KN:  In a way it would make your job easier, to keep the ideas more 
conceptual and visionary, as opposed to working out all the details. 
Because it is about getting the discussion started. 

B: What if we can’t do this? The meteorology officers have stopped 
doing seasonal forecasts, not because they are that bad but because 
willful misinterpretation makes them look silly, and they just say 
well this isn’t worth it so we will just stop, so what that means 
is that a whole bunch of people who are pseudo scientist are the 
only people offering a seasonal forecast now. But in Britain it is 
the pseudo scientists who say well we can do seasonal forecasts the 
meteorology officers cannot. 

KN: you know the story, last year they predicted a BBQ summer and 
then it rained the entire time. So they stopped doing seasonal 
forecasts and only will do it monthly now.

B: They see it, and we cannot do that, and that leaves the field 
open to people who cannot do it either to do it. I think just being 
honest about just how hard it is. I mean maybe we cannot. The scale 



of infrastructural changes are phenomenal, if you look at all the 
infrastructure just around Oxford dating back to 1960 there is quite 
a bit, everything outside and inside. There is an awful lot of stuff 
that has a turnover time of more than 50 years.

LB: Even just changing the windows is big expense and a lot of work.

B: Exactly there are a lot of things that need to change to get to 
100% that possibly don’t need to change to get to 50% or 60% and 
understanding that increment and taking the target that they have 
given. I understand why that is done, but I actually think that if 
policy makers could see, well we can get to 50% Okay, but the cost 
curve blows out when you get to 100%, maybe it doesn’t go vertical 
but it goes kind of near vertical. 

L: This is precisely what you are criticizing in the Mckinsey 
report?

B: Yes it is, it is I am really saying it as a demonstration. The 
Mckinsey curve goes kind of flat towards the end.

KN: I also had this question, I can’t find it here. There is also 
the cost curve which they aggregated all sorts of things, and 
nothing was said about the final cost curve.

S: There are the negative and the positive costs. As long as you are 
in the negative range your cost effective technologies are fine, 
but once you pass over to the other side then it is respective. 
But one of the old problems is that there is no feedback effect. 
So in terms of economics, people always talk about the rebound 
effect, but engineers hate that idea. Actually there is empirical 
evidence; you can look at the UK treasury. There was a study done 
by Cambridge with empirical evidence on the size of the rebound and 
some people say it is 5% other experts say it is 20%. I would say 
in the aircraft industry it is probably 30%. If you use data from 
Easyjet for example, the feedback effects are ignored completely in 
this aggregated abatement cost curve. That is a major weakness. What 
are you doing to do with the demand side? Is that constant or do you 
assume living standards with expand forever?

LB: They again claim that they have factored in all of these 
elements into a conservative learning rate. Also there is a certain 
amount of demand side management included in the study in terms 
of investment into smart grids and related energy distribution 
networks. They claim that by factoring in the capacity requirement 
they are assuming a certain standard of living that will remain.

G: What about lifecycle? Are you taking into account the direct 
energy use with bio fuels for example?

LB: As far as I know yes. But I have had a similar experience that 
when you scratch the surface you realize that it is not really a 
question you are supposed to ask.

DB: With regards to the Mckinsey analysis what type of learning 

rates do incorporate.

LB: Well I as I said I cannot speak for them. They claim they have 
incorporated a conservative learning rate to the equation, but to 
what extent I can’t answer that. This conversation is very helpful 
to us because we are often limited by the way the technical analysis 
has been done. But more specifically how can we use our expertise as 
the organization that we are, to take more ownership of the positive 
things that have been established?

LM: In general it is good to be open to criticism at in the earlier 
stages of the project.

LB: That is why I framed the question of how do you see it coming 
about or being integrated? If you can let go of the doubt for just a 
moment, and say ok there are some viable points that are being made, 
and things taken to account that can help for the future. How do we 
make sure they are being communicated appropriately to a point where 
they can be implemented or we can influence the process in some way? 

LM: If I can see this really implemented, the dynamics of public 
policy, it is not so much work to optimize ourselves or finding the 
most efficient pathway, I have never seen a public policy that just 
collects the best economic parts. It is a matter of implementing 
large scale feasible programs. I was laughing at the UK windows. 
But in France for instance people have massively replaced their 
windows and they started doing that 15 years ago. It is a whole 
complex arrangement of tax breaks. So if you change your windows 
you benefit. There is a whole industry build around people changing 
their windows. They even have windows with the same aspect; they 
look just the same as they did before. The economics of the social 
norm works because it is efficient and subsidized.

LB: Relating to this idea, I was 
surprised to discover during an interview 
that in the Middle-East I believe it 
was specifically Lebanon. There is a 
tax on hybrid vehicles because they 
have two engines. So in Lebanon you are 
discouraged through policy and in most 
European countries you are encouraged.  

LM: There is the story of the electric 
car. This has been around when I started 
working in 1979. I had the chance to 
meet with retiring researchers who had 
been working on electric cars for about 
15years. They were actually working 

If you give 
massive tax 
breaks to 
electric cars 
and if electric 
cars succeed 
you have less 
tax capital to 
use.
on the failure of electric cars. The problem they were trying to 
prevent is that if you give massive tax breaks to electric cars and 
if electric cars succeed you have less tax capital to use. I also 
spoke with friends in the car sector and they were saying the same 
thing. There are hidden messages that you cannot develop electric 
cars on a massive scale unless some deal has been worked out with 
electricity for cars with the same flexibility as with petrol, 

254  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   255

Roadmap 2050: A practical guide to a prosperous, low-carbon Europe OMA/AMO



256  Roadmap 2050: A practical guide to a prosperous, low-carbon Europe
   257

Roadmap 2050: A practical guide to a prosperous, low-carbon Europe OMA/AMO

because the tax base is paid on transports, so you cannot allow one 
third of the population to drive tax-free. You need to also think 
about the tax base. 

S: The story of the electric vehicle is quite complex. If you don’t 
take into account that China and Bolivia have the largest reserves 
of lithium in the world, and that lithium is a key component in 
EV battery fabrication, these countries will have a tremendous 
advantage. Currently Toyota is trying to buy the land, in Bolivia 
but they have not been so successful, Bolivia does not want to sell. 
There are definitely Limits in the EV industry. The other problem 
with electric cars, we are talking about French electricity, or 

Polish electricity. The problem is 
that we simply don’t have enough power 
generation capacity to pick the extra 
demand of vehicles.

LM: Then I will take another example 
from France. Solar water heaters, that 
is available technology and people have 
been doing it for twenty years, and 
they don’t need more energy etc. In 
France if you look for a plumber that 
is ready to install that you almost 
cannot find one, so that is another 
industry, it is not subsidized, And 
there is no social norm because it is 
ugly to look at. So if you compare the 
window example with the solar water 
heater. You get into the complexity 
that you are calling feasibility. The 
conclusion is that the main emergency 
is to try various programs that are 

You have 
committed us to 
a large scale 
transformational 
change and you 
told policy 
makers it was 
feasible and we 
could do it, but 
what if it turns 
out to be really 
expensive?

What do policy 
makers do if it 
turns out to 
be incredibly 
challenging?

feasible and also maybe made attractive to the public. When I say 
attractive I mean they have the least regret, in terms of social and 
environmental impact as possible.

DB: Trying to be a sniper here to pick off the beat. I think that 
is really hard. But I am inclined to think that a big portfolio of 
approaches should be used in different places and see where you get 
to. You are right it is not pure economic costs which is going to be 
the determinacy here my thinking is that on these types of projects 
is actually about political will in particular and for many in terms 
of sustainability of political will. Look at the rate of growth 
between 2010 and 2020 it goes up by sector by a factor of 5, do you 
believe it? Here in 2010, a quarter of the way through do you see 
a factor of a 5 fold increase in European wind generating ability? 
These are not commitments these are joules these are electrons 
buzzing around, now if it turns out, if we have a ten year cycle, 
like the last ten years or a bit warmer, we still have natural 
variability, Europe and non-Europe, and climate adaptation cost are 
largely hidden, and are difficult to track. Mitigation costs are 
higher than we think in things like this. Intergovernmental Panel on 
Climate Change (IPCC) electorates have been battling against this 
type of thing. Saying you told us this wasn’t going to cost the EU. 

You have committed us to a large scale transformational change and 
you told policy makers it was feasible and we could do it, but what 
if it turns out to be really expensive and to change landscapes that 
are traditional and valued? What are the soft landing spots where 
politicians or policy makers can exit? What do policy makers do if 
it turns out to be incredibly challenging?

LB: Another question I had in the context 
of what you were saying earlier to your 
point that if we cannot achieve 80% but 
maybe with less ambitious planning we 
can actually achieve 40% or 60%. There 
seems to be two arguments for how you 
do that. One is that you just said you 
turn it into a soft landing card and 
then invest the remainder into R&D or 

new technologies that allow the drastic change to happen later. 
The other attitude that can be taken is that you make 80% a real EU 
priority and push hard in order to reach it.

DB: I hear that argument a lot and I think that’s a dominant 
argument in climate change. Don’t talk about adaptation because 
it focuses away from mitigation. Don’t talk about carbon capture 
and storage because it is about decarbonization. Push hard for a 
strong deal because that is what we want and if we won’t get what 
is important push harder. I think those arguments they all have the 
same political risks attached. I could write a daily article of what 
is on my mind, it would probably be accepted by climate scientist, 
and it could probably do a lot of damage. In fact anyone could. The 
IPCC report for instance which is actually on the Himalayas. It was 
just a line in the report, and when it was shown it did a lot of 
damage to the case. My point is that missing certain directions does 
you a great deal of damage on one direction in other directions it 
does not. I think that we have got to understand that the terrain of 
how cost theories are used as target theories, frankly if we reduce 
emissions by 50% by 2050 we are pretty much in line with what we 
need to do, you could have lots of arguments about the theory. Those 
arguments are more complex than people realize. This is going to 
be my skepticism of this target as we move towards it; we have set 
ourselves up for a fall. I mean I have met with American engineers; 
they are not regarded as a critical target. Whereas Europe has 
worked so hard for this part on this issue that they just do not 
think that it is that critical. It is harder to take seriously.

KN: First of all I would call this the third best argument. It is 
a classic, you make an analysis, you aim for the first best which 
is 80-100% but perhaps it actually would get you to the third 
best option, if you are aiming for a second best but that is an 
unattainable and unfeasible from a public opinion standpoint. All 
these perverse effects that David is talking about wouldn’t happen. 
The second best option is in terms of emissions, the degree that 
this actually that is sustainable that is feasible. By going for 
your first best supposedly, you create all these perverse political 
effects, and systemic effects, that means that the city is not going 
to be achieved and we are going to be lower. That is the reason, and 
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that is really important.

DB: The political will just collects behind them. 

KN: This is really important because that is a very good -counter 
argument, to lets aim for bigger, because at least we will get 
there.

S: You mentioned back-casting, I just finished a project that 
is about visioning for friends and we have the same arguments 
in Belgium the idea was that people kept asking me, why are you 
proposing 80%? Well if you propose 5% these people will not want to 
give anything if you propose 10%. Or if you propose 10 these people 
will try for 1%  So I think in terms of the future, the methodology 
they are trying to use is here maybe you should spell it out and 
say you know maybe there are differenced: one thing is forecasting, 
which is using the classical tools of econometrics, which is for 
the feasibility, and then there is visioning. But I also agree that 
things can actually backfire I completely agree with that point. 
But you have to remember there is an approach here, there is an 
intellectual approach called Visioning and this is about energizing 
society, and how do you do that you announce a target and it has 
to be a super ambitions target. And we all know that 83% which was 
announced is not going to be the Net we know that. But where do want 
to get to?

DB: I don’t believe in Seasonal targets that you intend of getting 
close to.

LM: I believe there is a great lack of basic theorizing in 
connecting future studies and negotiation theories. I spent my 
time in France hearing briefs on climate change commenting just as 
political news papers what they thought about within negotiations 
without the possibility to obstruct. And as you just did to 
distinguish the expression of a vision from a commitment from a 
scientific study from a negotiation position, etc.

DB: This is a concrete battle. In New Zealand I was worried that 
green peace was actually going to get away and that New Zealand 
might actually sign up for 40% reduction by 2020, which for a 
country that has the income of Slovenia, is dangerously ambitious 
and a wrote a piece saying that we put a carpet full of holes, but 
if the world had to reduce by 60% by 2050 there is no reason we had 
to be at 40% by 2020.

KN:   This could be a question of the when does it cost less and 
when do you benefit most.

DB: The way I would do it is to say is what is the socially cheapest 
and most feasible path to get to 2050 with the most benefits? What I 
am arguing for is a sensitivity study around your target and around 
areas of important axis, what are the symmetries or asymmetries of 
the political will of missing your target of the cost or running by 
a factor of ten on either side probably high but on either side.

KN: You mean setting high and missing as opposed to setting too low, 
you know you are always going to miss.

LB: Would people be more sensitive to missing a target or paying 
higher costs? Which I think is a good point. We do have a certain 
amount of wiggle room. We don’t have to agree and promote every 
single fact that McKinsey sends our way. We were originally 
approached to write the visionary narrative for the client. We could 
say that we are going to step back from that and say we are going to 
produce a vision and be visionary in our thinking.

S: The other way is to leave it open. To have, well you know more 
about this than I do, but to have a more neutral set of scenarios. 
That would be the only way. So in a sense you have visioning which 
is less neutral and you are bias because it is 80%. This is another 
approach whereby you would have four quadrants.

LB: But I think regardless even if you were using the dividing 
approach and we did say 80% I do think it is really important to 
take all the things into account, and go as far as ask what the 
polititians / public / etc.. a various set of audiences that are 
going to react most strongly to.
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Transmission 2010

EXISTING EUROPEAN GRID
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Grid Phasing

GRID PHASING
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Complete Grid

COMPLETE GRID
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2050 Energy Grid

2050 EUROPEAN ENERGY GRID
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100% Decarbonization

EU 2050

the new energy grid 
can be combined 
with transport 
and data links 
to provide an 
efficient post-
carbon distribution 
system
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Green Europe

IF YOU THOUGHT THE EUROPEAN ENERGY 
GRID WAS JUST A DREAM... ...THINK AGAIN.
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